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NOTICE 

 

NOTICE 

This Supplemental Resource Conservation and Recovery Act Facility Investigation Work Plan was 

prepared for the Air Force Civil Engineer Center by AECOM Technical Services, Inc. to aid in the 

implementation of a final remedial action plan under the Installation Restoration Program. As the report 

relates to actual or possible releases of potentially hazardous substances, its release prior to an Air Force 

final decision on remedial action may be in the public’s interest. The limited objectives of this report and 

the ongoing nature of the Installation Restoration Program, along with the evolving knowledge of Site 

conditions and chemical effects on the environment and health, must be considered when evaluating this 

report, since subsequent facts may become known which may make this report premature or inaccurate. 

Government agencies and their contractors registered with the Defense Technical Information Center 

should direct requests for copies of this report to: Defense Technical Information Center, Cameron 

Station, Alexandria, Virginia 22304-6145. 

Non-government agencies may purchase copies of this document from: National Technical Information 

Service, 5285 Port Royal Road, Springfield, Virginia 22161. 
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PREFACE 

 

PREFACE 

This Supplemental Resource Conservation and Recovery Act Facility Investigation Work Plan addresses 

the activities that will be performed in support of the investigation of the extent of contamination 

associated with the groundwater underlying the SS-002 Petroleum, Oil and Lubricants Storage Tank Spill 

Site 1at Holloman Air Force Base, New Mexico. The primary activities that will be performed include 

semi-annual groundwater monitoring of 11 wells currently installed at the site for a period of two years 

and development of a human health and ecological receptors risk assessment based on the monitoring 

data obtained.  

This work will be performed under the authority of the requirements of the Air Force Civil Engineer 

Center Contract No. FA3992-07-D-0015 Task 4. This program is conducted under the Holloman AFB 

Installation Restoration Section Chief, Ms. DeAnna Rothhaupt. AECOM Technical Services, Inc. has 

prepared this Resource Conservation and Recovery Act Facility Investigation Work Plan as defined in the 

Statement of Work for the Resource Conservation and Recovery Act Facility Assessment, Supplemental 

Resource Conservation and Recovery Act Facility Investigation, Five-Year Review at Cannon Air Force 

Base and Holloman Air Force Base, New Mexico. Mr. Richard Wells is the AECOM Technical Services, 

Inc. Project Manager for the contract and technical lead for the SS-002 site at Holloman Air Force Base. 
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1.0 INTRODUCTION 

This Supplemental Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Work 

Plan addresses the activities that will be performed in support of the refinement of the nature and extent of 

constituent impacts on groundwater at the SS-002 Petroleum, Oil and Lubricants (POL) Storage Tank 

Spill Site 1 at Holloman Air Force Base (AFB), New Mexico, hereinafter referred to as the Site. The Site 

location is shown in Figure 1-1. This plan was prepared in accordance with the requirements of the Air 

Education and Training Command (AETC) Contract No. FA3992-07-D-0015 Task 4. AECOM Technical 

Services, Inc. (AECOM) has prepared this Work Plan in accordance with the Statement of Work for the 

Resource Conservation and Recovery Act Facility Assessment, Supplemental Resource Conservation and 

Recovery Act Facility Investigation, Five-Year Review at Cannon Air Force Base and Holloman Air 

Force Base, New Mexico (AETC, 2015).  

The Site was the location of a POL spill that occurred in the northeastern portion of the POL storage yard 

located northeast of the Holloman AFB Main Base area. The POL site was previously occupied by 14 

aboveground diesel and jet fuel storage tanks that were located within a former bermed area. Site SS002 

was identified as Spill Site No. 1 which was comprised of spills of JP-4 and aviation gasoline in the early 

1960s to the late 1970s. The amount of fuel spilled is unknown. The Site SS002 was combined with Site 

SS005 (Spill Site No. 2) in the Holloman AFB Hazardous Waste Facility Permit No. NM6572124422, 

where it is listed as Area of Concern T in Appendix 4-A. 

Numerous investigations have been conducted at the Site and an SVE remediation system was operated 

between 1995 and 2002, which resulted in a significant reduction in total petroleum hydrocarbon (TPH) 

concentrations in soils influenced by the SVE extraction wells. Additional impacted soils were excavated 

and removed from the site in 2007 and 2008. The Accelerated Corrective Measures (ACM) Completion 

Report (NationView. 2011) documented remediation and provided a risk assessment based on residual 

contaminant concentrations in soil and groundwater.  The risk assessment identified a single remaining 

contaminant of potential concern (COPC) in soils, along with 12 COPCs in groundwater.   

The New Mexico Environment Department (NMED) has requested additional sampling and risk 

evaluation at the Site.  This Work Plan describes the activities required to provide further confirmation 

that residual constituents at the Site do not adversely impact groundwater underlying the site.  A 

supplemental RFI will be performed consisting of four rounds of groundwater monitoring and baseline 

human health and ecological risk assessment.  

Monitoring requirements applicable to the proposed RFI work are further delineated in the Final 

Groundwater Monitoring Plan, SS-002 – Petroleum, Oil and Lubricants Storage Tank Spill Site 1 

(AECOM, 2016a) and the Final Uniform Federal Policy Quality Assurance Project Plan, SS-002 – 

Petroleum, Oil and Lubricants Storage Tank Spill Site 1 (AECOM, 2016b), which serve as companion 

documents to this Work Plan.  

1.1 Purpose and Objectives 

The purpose of this investigation is to refine the understanding of the nature and extent of constituents 

impacting groundwater underlying the Site. The groundwater monitoring well network located at the Site 

will be gauged and monitored to assess the extent of impact in groundwater underlying the Site in 

accordance with the aforementioned monitoring plan and quality assurance project plan (QAPP). Given 

the proximity of the groundwater impacts in relation to buildings in the area, vapor intrusion from volatile 

organic compounds (VOCs) contained in groundwater is a concern and will be evaluated during the 

investigation. The goal of this project is to complete the supplemental RFI investigation and evaluate the 
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potential impacts to human health and the environment from constituents in groundwater through 

development of a detailed risk assessment. 

A supplemental RFI will be performed consisting of four semiannual rounds of groundwater monitoring. 

Samples will be collected from 11 wells existing in the vicinity of Site SS002 and analyzed for VOCs, 

semi-volatile organic compound (SVOCs), and total dissolved solids (TDS) at an approved off-Site 

laboratory.  Semiannual letter reports and annual groundwater monitoring reports will be provided during 

the two year duration of groundwater monitoring activities. Analytical data will be used to complete a 

human health and ecological baseline risk assessment in accordance with the 2014 NMED Risk 

Assessment Guidance for Site Investigations and Remediation. This information will be presented in a 

supplemental RFI Report that defines the nature and extent of contamination at the site as well as the 

human health and ecological risks posed by the contamination to current and future receptors. 

1.2 Regulatory Setting 

Pursuant to the RCRA permit, Installation Restoration Program (IRP) activities conducted at Holloman 

AFB are performed under the New Mexico Hazardous Waste Act (HWA), the New Mexico Hazardous 

Waste Management Regulations, and RCRA. The NMED Hazardous Waste Bureau (HWB) has 

regulatory enforcement authority for the State of New Mexico.  

The media of concern for the Site includes subsurface soil and groundwater underlying the Site. Pursuant 

to the RCRA permit and with guidance provided by NMED, cleanup levels for impacted groundwater will 

be in accordance with the latest revision of NMED and U.S. Environmental Protection Agency (EPA) 

regulations at the time of Work Plan approval and/or execution of the fieldwork. Currently, these levels 

include the residential soil screening levels (SSLs) presented in the following: 

 New Mexico Environment Department Risk Assessment Guidance for Site Investigations and 

Remediation. NMED soil screening levels for residential soil. 

 EPA Regional Screening Levels for Residential Soil available online at 

http://www.epa.gov/risk/regional-screening-table. 

For groundwater, the applicable action levels are available in the following: 

 New Mexico Water Quality Commission Regulations (New Mexico Administrative Code 

[NMAC] 20.6.2).  

 Applicable federal standards include EPA maximum contaminant levels (MCLs) as found in 

40 Code of Federal Regulations [CFR] 141 and 40 CFR 142. 

 New Mexico Ground Water Quality Bureau (GWQB) Voluntary Remediation Program limits for 

tapwater as found in the Technical Background Document for Development of Soil Screening 

Levels (NMED, 2006) 

 EPA Regional Screening Levels for Tapwater available online at 

http://www.epa.gov/risk/regional-screening-table. 

Additionally, the RCRA permit requires groundwater cleanup levels to be set at the more conservative of 

those specified by either the New Mexico Water Quality Control Commission (NMWQCC) as protective 

of human health or by EPA’s MCLs. 

For vapor intrusion, vapor concentrations will be evaluated in accordance with the “Office of Solid Waste 

and Emergency Response Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from 
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Groundwater and Soils (Subsurface Vapor Intrusion Guidance)” (EPA, 2002) and the Risk Assessment 

Guidance for Site Investigation and Remediation (NMED, 2014) and compared to the action levels 

provided in the following: 

 EPA Regional Screening Levels for Industrial Air available online at 

http://www.epa.gov/region6/6pd/rcra_c/pd-n/screen.htm.  

 NMED Vapor Intrusion Screening Levels available online at 

http://www.nmenv.state.nm.us/HWB/documents/RA_Guidance_for_SI_and_Remediation_12-24-

2014.pdf.  

1.3 Site Description and Background 

The POL Storage Tank Spill Sites 1 and 2 occupy approximately one-third acre in the northeastern 

portion of the POL storage yard, which is located northeast of the Main Base area and is approximately 

900 feet (ft) west of the Holloman AFB boundary. Figure 1-2 shows the site layout including the existing 

monitoring well locations. The POL site was previously occupied by 14 25,000-gallon aboveground 

diesel and jet fuel storage tanks that were located within the former bermed area shown on Figure 1-2. 

Spill Site No. 1 (SS-002) resulted from spills of unknown quantity of JP-4 and aviation gasoline that 

occurred from the early 1960s to the late 1970s within the unlined bermed area when the fuel tanks were 

periodically overtopped. Spill Site No. 2 (SS-005) resulted from a spill of approximately 30,000 gallons 

of JP-4 in 1978 when a drain valve for a 4-inch fuel line was accidentally left open. Base personnel 

recovered approximately 28,500 gallons of the JP-4 with the remainder of the fuel seeping into the gravel 

base within the bermed POL storage tank area. The 14 storage tanks were removed in 1987, but the tank 

saddles were left in place and covered with a 4-ft high soil mound consisting of soil previously used for 

the berm that surrounded the tanks. Because of the proximity of the two sites (SS-002 and SS-005), they 

were combined in the RCRA permit. 

The Final Accelerated Corrective Measures Completion Report, SS-02/05 POL Storage Tank Spill Sites 1 

and 2, Holloman Air Force Base, New Mexico (NationView, LLC [NationView], 2011) documents each 

of the petroleum contaminated soil (PCS) removal actions that were performed by Bhate Environmental 

Associates, Inc. (Bhate) under the U.S. Army Corps of Engineers Omaha contract DACA45-03-D-0023, 

Delivery Orders 1 and 7. The removal actions were performed by Bhate at Sites SS-02/05 from June 2004 

through June 2008. The PCS removal actions were conducted by Bhate in accordance with the Voluntary 

Corrective Measures Work Plan Spill Site 02/05, Holloman AFB, New Mexico (Bhate, 2003). Subsurface 

characterization was conducted by Bhate in accordance with the Additional Investigation Requirements 

Work Plan Site SS-02/05 (Bhate, 2005) and two Memorandum Work Plans (Memorandum Scope of Work 

for Soil and Groundwater Sampling HAFB, New Mexico [Bhate, 2006] and Memorandum Work Plan to 

Address the Insitu Sampling of Overburden at Spill Site 02/05, Holloman AFB, New Mexico [Bhate, 

2007]). 

1.4 Groundwater Impacts 

Section 6 of the Final Accelerated Corrective Measures Completion Report, SS-02/05 POL Storage Tank 

Spill Sites 1 and 2, Holloman Air Force Base, New Mexico (NationView, 2011) provides a risk-based 

evaluation of groundwater associated with the Site. Groundwater samples were collected in December 

2005/January 2006. Analytical results for these samples indicated 12 constituents of potential concern 

were identified as presented in Table 1-1 and include 9 VOCs and 3 SVOCs. The screening level is based 

on the lower of either the NMWQCC or the EPA’s Maximum Contaminant Level for drinking water. It is 

noted that three of the VOC contaminants (acetone, methylene chloride and methyl ethyl ketone [also 

known as butanone]) were detected in low frequency in groundwater samples and may represent 
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laboratory artifacts as they are not associated with fuels and known to be common laboratory 

contaminants. In addition, methyl methacrylate is sometimes associated with contamination associated 

with sampling rather than being related to constituents present at the site. 

As can be seen from examination of the analytical data, benzene and 1,2-dichloroethane exceeded the 

applicable screening level. Distribution of benzene and 1,2-dichloroethane in groundwater based on 

samples collected between 1989 and 2006 are illustrated in Figure 1-3. The risk assessment determined 

that the residual concentrations of the constituents of potential concern in groundwater were protective of 

future residents; therefore, the corrective measures completion report (NationView, 2011) recommended 

the site for no further action. As per the NMED review letter, the report was disapproved because 

monitoring requirements had not been fulfilled and the risk assessment was deemed inadequate because 

of the limited monitoring data used for the risk assessment. This work plan provides for completion of 

four additional semi-annual groundwater monitoring events and a revised risk assessment to evaluate 

groundwater exposure pathways relative to potential vapor impacts at the site in accordance with the 

“Disapproval – Accelerated Corrective Measures Completion Report, SS-02/05 POL Storage Tank Spill 

Sites 1 and 2, April 2011, Holloman Air Force Base, EPA ID #NM6572124422, HWB-HAFB-11-009” 

(NMED, 2013b). 

1.5 Work Plan Organization 

This Work Plan is divided into six sections including: 

 Section 1 – Introduction, purpose and objectives, regulatory setting, site description and 

background, groundwater impacts, and work plan organization 

 Section 2 – Environmental setting 

 Section 3 – Procedures for Implementation 

 Section 4 – Project Management Plan 

 Section 5 – Reporting 

 Section 6 – Project Schedule 

 Section 7 – References. 
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2.0 ENVIRONMENTAL SETTING 

The following sections discuss the climate and regional geology and soils associated with Holloman AFB. 

2.1 Climate 

As a whole, New Mexico has a mild, arid to semiarid continental climate characterized by light 

precipitation totals, abundant sunshine, relatively low humidity, and relatively large annual and diurnal 

temperature ranges (Western Regional Climate Center, 2013). The climate of the Central Closed Basins, 

in which Holloman AFB is located, varies with elevation. The Base is located in the lower elevation 

areas, characterized by warm temperatures and dry air. Daytime temperatures often exceed 100 degrees 

Fahrenheit (°F) in the summer months and are in the middle 50-degree range during the winter months. A 

preponderance of clear skies and relatively low humidity permits rapid cooling resulting in average 

diurnal temperature ranges of 25° to 35°F.  

Potential evapotranspiration, at 73 inches per year, significantly exceeds annual precipitation, usually less 

than 10 inches. Arid conditions resulting from very low rainfall amounts, coupled with topographically 

induced wind patterns and combined with sparse vegetation, tend to cause localized “dust devils.” The 

annual rainfall for Alamogordo is 12 inches per year. Much of the precipitation falls during the mid-

summer monsoonal period (July and August) from brief, yet frequent, intense thunderstorms culminating 

in 30 to 40 percent of the total annual rainfall (Western Regional Climate Center, 2013). 

2.2 Regional Geology and Soils 

The following sections describe the physiography and topography, geology, soils, regional hydrogeology, 

surface water hydrology, and fate and transport and potential receptors associated with the Holloman 

AFB. 

2.2.1 Physiography and Topography 

Holloman AFB is located within the Basin and Range physiographic province in the Sacramento Section 

on the western edge of the Sacramento Mountains at a mean elevation of 4,093 ft above mean sea level 

(New Mexico Bureau of Geology and Mineral Resources, 2003). The region is characterized by high 

tablelands with rolling summit plains, cuesta-shaped mountains dipping eastward, and west-facing 

escarpments with the wide bracketed basin forming the basin and range complex. Holloman AFB is 

within the Tularosa Basin, which is part of the Central Closed Basins (NMED, 2004). The bordering 

mountains rise abruptly to altitudes of 7,000 to 12,000 ft above mean sea level. The basin is bounded by 

the San Andres Mountains approximately 30 miles to the west and the Sacramento Mountains 

approximately 10 miles to the east. At its widest, the basin is approximately 60 miles east to west and 

stretches approximately 150 miles north to south. 

2.2.2 Geology 

Holloman AFB is located within the Basin and Range Physiographic Province, in the Sacramento Section 

on the western edge of the Sacramento Mountains, at a mean elevation of 4,093 feet above mean sea level 

(United States Geological Survey [USGS], 2003). The region is characterized by high tablelands with 

rolling summit plains, cuesta-formed mountains dipping eastward and west-facing escarpments. 

Holloman AFB is within the Tularosa Basin, which is part of the Central Closed Basins (NMED, 2004). 

The bordering mountains rise abruptly to altitudes of 7,000 to 12, 000 feet above mean sea level. The San 

Andres Mountains are approximately 30 miles to the west and bound the basin to the west, with the 
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Sacramento Mountains approximately 10 miles to the east. At its widest, the basin is approximately 60 

miles east to west and stretches approximately 150 miles north to south. 

The sedimentary rocks, which make up the adjacent mountain ranges, are between 500 and 250 million 

years old. During the period when the area was submerged beneath a shallow intracontinental sea, layers 

of limestone, shale, gypsum, and sandstone were deposited. In time, these layers were pushed upward 

through various tectonic forces, forming a large bulge on the surface. Approximately 10 million years 

ago, the center began to subside, resulting in a vertical drop of thousands of feed leaving the edges still 

standing (the present-day Sacramento and San Andres mountain ranges). In the millions of years 

following, rainfall, snowmelt, and wind eroded the mountains, depositing sediments in the valley (i.e., the 

Tularosa Basin) (NationView/Bhate, 2011). 

The Tularosa Basin is an endoheric basin (a closed basin with no surface drainage outlet), and sediments 

carried by surface water into a closed basin are referred to as bolson deposits. The overlying alluvium 

generally consists of unconsolidated gravels, sands, and clays. Soils in the basin are derived from the 

adjacent ranges as erosional deposits of limestone, dolomite, and gypsum. A fining sequence from the 

ranges towards the basin’s center characterizes the area with the near surface soils being alluvial, eolian, 

and lacustrine deposits. The alluvial fan deposits are laterally discontinuous units of interbedded sand, 

silt, and clay, while the eolian deposits consist primarily of gypsum sands. The eolian and alluvial 

deposits are usually indistinguishable due to the reworking of the alluvial sediment by eolian processes. 

The playa, or lacustrine deposits, consist of clay containing gypsum and are contiguous with the alluvial 

fan and eolian deposits throughout the Base. Stiff caliche layers, varying in thickness, have been 

identified at different areas of the Base (NationView/Bhate, 2011). 

2.2.3 Site-Specific Geology 

Site-specific geologic information has been derived from the compilation of lithologic data from soil and 

monitoring well borings during previous investigations. The stratigraphy underlying the Site consists 

primarily of silty sands near Dillard Draw and intercalated sands, silts, and clays in the elevated portion of 

the Site and to the north and west of Dillard Draw. Silty sands have been observed to 14 feet in the area of 

the draw, while borings to the west and north of the draw exhibited the more common interbedded sands, 

silts, and clays which are found throughout the majority of Holloman AFB. Groundwater is generally 

encountered at approximately 4 ft below ground surface (bgs) in the area of the draw and approximately 

16.5 ft bgs in the area to the west and north of Dillard Draw. The surface of the site is comprised of 

asphalt and crushed gravels in developed areas and native ground cover in undeveloped areas. 

2.2.4 Soils 

The United States Department of Agriculture, Natural Resources Conservation Service (NRCS) (formerly 

Soil Conservation Service) has identified three soil associations in the vicinity of Holloman AFB—the 

Holloman-Gypsum Land-Yesum Complex, the Nasa-Yesum complex, and the Mead silty clay loam . The 

hydraulic conductivity of these horizons ranges from 2.7 × 10
-4

 to 1.5 × 10
-2

 centimeters per second 

(NRCS, 2015).  

The Holloman-Gypsum Land-Yesum Complex (0 to 5 percent slopes) consists of larger areas of shallow 

to deep, well-drained soils and areas of exposed gypsum. The Holloman soil typically consists of a 

surface layer that is light brown, very fine sandy loam approximately 3 inches thick. The upper 13 inches 

of the substratum is pink, very fine sandy loam that is very high in gypsum. Below that, the substratum is 

white gypsum to a depth of more than 60 inches. This soil is calcareous and mildly alkaline to moderately 

alkaline throughout. Permeability is moderate, and available water capacity is very low (NRCS, 2015). 

Gypsum Land typically consists of less than 1 inch of very fine sandy loam overlying soft to hard, white 
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gypsum. The deeper Yesum horizon consists of very fine sandy loam Typically, the surface layer is light 

brown, very fine sandy loam approximately 3 inches thick. The upper 9 inches of the substratum is light 

brown, fine sandy loam that is very high in gypsum. Below that, the substratum is pink, very fine sandy 

loam to a depth of more than 60 inches. The soil is calcareous throughout and is mildly alkaline. 

Permeability is moderate, and available water capacity is moderate. Many fine gypsum crystals are found 

throughout the soil profile. 

At the western and northern portions of the Base is the Nasa-Yesum Complex (0 to 6 percent slopes) 

consisting of larger areas of shallow to deep, well-drained soils and areas of exposed gypsum. Typically, 

the surface layer is a sandy loam approximately 5 inches thick. The upper 27 inches of the substratum is a 

gypsiferous sandy loam. Below that, the substratum is cemented material (caliche) and additional 

gypsiferous sandy loam to a depth of more than 60 inches. This soil is calcareous and moderaly alkaline 

to alkaline throughout. Permeability is very low to high, and available water capacity is low to moderate 

(NRCS, 2015). 

The Mead silty clay loam (0 to 1 percent slopes) underlies a small portion of the Base. This deep, poorly 

drained, nearly level soil occurs on outer fringes of alluvial fans. This soil formed in fine-textured 

alluvium over lacustrine lake sediment. It is very high in salt content because of periodic flooding and 

poor drainage. Slopes are smooth and concave. Typically, the surface layer is reddish-brown, silty clay 

loam and clay loam approximately 5 inches thick. The substratum, to a depth of 48 inches, is light 

reddish-brown clay that has a high salt content. Below that, the substratum is lacustrine material of 

variable texture and color to a depth of more than 60 inches. Included within this soil are areas of 

Holloman and Gypsum Land along the margins of the unit of steep, short gully sides and knolls. 

Individual areas are generally smaller than 10 acres. This soil is moderately calcareous throughout and is 

moderately to strongly alkaline. It has a layer of salt tht is more soluble than gypsum. Permeability is very 

low, and available water capacity is low (NRCS, 2015). 

2.2.5 Regional Hydrogeology 

Groundwater occurs as an unconfined aquifer in the unconsolidated deposits of the central basin, with the 

primary source of recharge as rainfall percolation and minor amounts of stream runoff along the western 

edge of the Sacramento Mountains (Basabilvazo et al, 1994). Surface water/rainfall migrates downward 

into the alluvial sediments at the edge of the shallow aquifer near the ranges and flows downgradient 

through progressively finer-grained sediments towards the central basin. Because the Tularosa Basin is a 

closed system, water that enters the area leaves either through evaporation or percolation. This elevated 

amount of percolation results in a fairly high water table.  

Beneath Holloman AFB, groundwater ranges from 5 to 50 feet bgs. Flow for the Base is generally 

towards the southwest with localized influences from variations in topography. In the northern and 

western portions of the Base, groundwater flows more to the west towards the Ritas Draw, Malone Draw, 

and Lost River drainages. Groundwater flow is affected by local topography in areas immediately 

adjacent to arroyos, where groundwater flows directly toward the drainages regardless of the regional 

flow pattern. 

Groundwater in the Tularosa Basin is of potable quality at the recharge areas in close proximity to the 

Sacramento Mountains and becomes increasingly mineralized toward the central portion of the basin and 

discharge areas. The majority (over 70 percent) of the IRP sites located across Holloman AFB have 

groundwater monitoring wells containing water with an average TDS concentration greater than 10,000 

milligrams per liter (mg/L) (Basabilvazo et al, 1994). These TDS data support the hypothesis that TDS 

concentrations below 10,000 mg/L at Holloman AFB are caused by dilution of natural groundwater 

quality from leaking water lines and surface irrigation from the domestic water supply. TDS 
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concentrations greater than 10,000 mg/L exceed the NMWQCC limit for potable water, and therefore, the 

groundwater beneath Holloman AFB has been designated as unfit for human consumption. Likewise, the 

EPA guidelines have identified the groundwater as a Class IIIB water source, characterized by TDS 

concentrations exceeding 10,000 mg/L and a low degree of interconnection with adjacent surface water or 

groundwater of a higher class. Groundwater at Holloman AFB does not discharge or connect to any 

adjacent aquifers because the Tularosa Basin is a closed basin. Adjacent surface waters include Lost River 

and Lake Holloman, which also have high concentrations of TDS and are not considered potential 

drinking water sources. 

2.2.6 Site-Specific Hydrogeology 

Historically, groundwater elevations have been measured at monitoring wells located throughout the Site. 

Groundwater occurs in sands and silty sands in a shallow unconfined aquifer underlying the site generally 

15.5 to 16.5 ft bgs. The groundwater flow direction is generally toward the east-northeast, which is 

different from the typical south-southwest flow seen at Holloman AFB. The close proximity of the Site to 

the Dillard Draw arroyo, located leass than 500 ft east-northeast of the Site, appears to influence 

groundwater flow direction toward the surface drainage feature. 

The horizontal gradient for the Site was calculated to be approximately 2.1 x 10
-3

 feet per foot (ft/ft). On-

Site hydraulic conductivity values ranged from 4.23 x 10
-4

 feet per minute (ft/min) or 0.005 feet per day 

(ft/day) to 1.52 x 10
-3

 ft/min (0.018 ft/day). These values are within the expected ranges for the sand and 

silty sand lithology logged onsite (Radian Corp. [Radian], 1992). The average linear groundwater flow 

velocities are estimated to range between 1.86 and 6.71 feet per year. 

2.2.7 Surface Water Hydrology 

The Tularosa Basin contains all of the surface flow in its boundaries (NMWQCC, 2006). The nearest 

inflow of surface waters to the Base comes from the Lost River, located in the north central region of the 

Base. The upper reaches of the Three Rivers and Sacramento River are perennial in the basin. Holloman 

AFB is dissected by several southwest-trending arroyos that control surface drainage. Hay Draw arroyo is 

located in the far north. Malone and Ritas Draws, which drain into the Lost River and Dillard Draw 

arroyos, are located along the eastern perimeter of the Base. Indications are that the climate was much 

wetter approximately 10,000 years ago.  

The present-day Lake Otero formerly encompassed a much larger area, possibly upwards of several 

hundred square miles. Its remains include the Alkali Flat and Lake Lucero. Lake Lucero is a temporary 

feature merely a few inches deep during the rainy season. Ancient lakes and streams deposited water-

bearing deposits over older bedrock basement materials. Fractures, cracks, and fissures in the Permian 

and Pennsylvanian bedrock yield small quantities of relatively good quality water in the deeper periphery. 

Potable water is only found in wells near the edges of the basin with more saline water found towards the 

center. Two of the principal sources of potable water are a long narrow area on the upslope sides of 

Tularosa and Alamogordo and another area in the far southwestern part of the basin. A portion of the city 

of Alamogordo’s water, as well as the Holloman AFB’s water, was formerly supplied from Bonito Lake 

(which is in the Pecos River Basin) prior to the Little Bear Fire, in 2012. 

2.2.8 Fate and Transport and Potential Receptors 

The land surrounding Holloman AFB consists of residential areas to the east and northeast (City of 

Alamogordo), rangeland to the south, White Sands National Monument to the west, and areas where 

military activities are conducted to the north. The desert terrain immediately surrounding Holloman AFB 

has limited development; Mesa Verde Ranch operates along the eastern border, and there are no 
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residential communities or large industrial operations located adjacent to the Base. Holloman AFB is an 

active military installation and is expected to remain active for the foreseeable future. No transfer of 

military property to the public is anticipated, and public access to the Base is restricted (Foster Wheeler, 

2002). Future land use is not expected to differ significantly from current land use practices (Foster 

Wheeler, 2002). 

Currently, there are no potable supplies of groundwater or surface water located on the Base (Foster 

Wheeler, 2002). Holloman AFB obtains its water supply from the city of Alamogordo and Holloman 

AFB wells in the Boles, San Andres, and Douglas well fields at the base of the Sacramento Mountains. 

No water supply wells are located on or near the Base because of poor groundwater quality with TDS 

concentrations greater than 10,000 mg/L. There are no potable or irrigation wells near or immediately 

downgradient of the Base. 
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3.0 PROCEDURES FOR IMPLEMENTATION 

This section includes general procedures for implementing the RFI activities to be undertaken. Several 

supporting project-related plans have also been prepared as described in the following sections, including 

a Site-specific QAPP, a health and safety plan (HASP), and a groundwater monitoring plan. 

The following specific tasks will be applied to the Site subject to investigation under this Work Plan: 

 Pre-mobilization activities 

 Mobilization/Site setup 

 Monitoring well installation 

 Surveying 

 Monitoring well development 

 Groundwater monitoring 

 Soil boring advancement and sampling 

3.1 Applicable Regulations and Standards 

Federal and state regulations and standards that may be applicable to these activities include the 

following:  

 Holloman AFB RCRA Permit No. NM6572124422, February 2004 (NMED, 2004). 

 RCRA Permit No. NM6572124422 Modification, October 2009 (NMED, 2009). 

 NMED residential SSLs  

 EPA residential regional screening levels (RSLs) 

 NMWQCC groundwater cleanup levels protective of human health (20.6.2.3103 NMAC). 

 EPA MCLs 

 New Mexico HWA (New Mexico State Rules Act [NMSA] 1978, §74-4-1). 

 New Mexico Hazardous Waste Management Regulations, (20.4.1.100 NMAC). 

 RCRA, 40 CFR 260-268, Management of Hazardous Waste. In the event that investigation 

derived waste (IDW) sampling and analysis indicate the presence of constituents of potential 

concern at concentrations rendering them hazardous, storage and disposal protocols will be 

followed in accordance with RCRA hazardous waste regulations, as adopted by NMED. 

 United States Department of Transportation (DOT) 49 CFR 172, 173, and 178: Applies to 

packaging IDW for removal off Site and addresses hazard-class diamond labeling.  

The latest revision of NMED and EPA documents at the time of Work Plan approval and/or execution of 

the field work will be used. 

3.2 Pre-Mobilization Activities 

Prior to mobilization of equipment, subcontracted services (e.g., licensed surveyor, analytical laboratory) 

will be procured. All Site activities will be coordinated with appropriate Holloman AFB personnel. 
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3.3 Mobilization Setup 

Personnel, equipment, and resources necessary to implement this RFI Work Plan will be mobilized to the 

Site. Site setup will occur at the SS-002 Site. Warning signs and safety fencing may be used, where 

necessary, to indicate the danger of entering a work zone and to keep the work area clear of obstructions 

such as facility worker vehicles. Setup will also include establishing a location for material storage and 

other equipment staging areas. 

3.4 Groundwater Monitoring 

Groundwater samples will be collected from Site monitoring wells on a semi-annual basis over a period 

of two years. Groundwater level measurements will be taken prior to each sampling event and a 

potentiometric map will be generated to determine groundwater flow direction. Upon the completion of 

the field work for each sampling event, a brief letter report including the analytical results will be 

prepared and submitted. More comprehensive analysis of the data will be conducted as part of the Annual 

Monitoring Reports. AECOM will develop and submit an Annual Monitoring Report that includes a 

tabular presentation of the analytical data, graphs depicting trend analyses, and potentiometric maps for 

each semi-annual sampling event to document seasonal variations, if present. If groundwater analytical 

results are below NMWQCC and EPA MCLs for drinking water, and NMED indoor air vapor intrusion 

screening values, or if TDS exceeds 10,000 mg/L, a conference call/meeting with NMED will be 

scheduled to discuss whether further sampling is necessary.   

Groundwater monitoring wells will be sampled in accordance with the procedures provided in the 

groundwater monitoring plan and quality assurance project plan. . Groundwater samples will be analyzed 

for VOCs, SVOCs, and TDS.  Quality Assurance (QA)/Quality Control (QC) samples will be collected so 

that sample results can be properly validated. The QA/QC samples will be collected at the following 

frequencies: 

 Trip Blanks:  one for every cooler containing samples to be analyzed for VOCs 

 Field Duplicates:  one for every 20 field samples 

 Matrix Spike/Matrix Spike Duplicate pairs:  one for every 20 field samples 

 Rinsate (Equipment) Blanks:  one for every 20 field samples collected with non-disposable/non-

dedicated equipment. Dedicated/disposable equipment is anticipated to be used for groundwater 

sampling. 

3.5 Vapor Intrusion Evaluation 

As indicated in Section 1.2, the vapor intrusion pathway will be evaluated in accordance with the 

“OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater 

and Soils (Subsurface Vapor Intrusion Guidance)” (EPA, 2002) and Section 2.5.2 of the Risk Assessment 

Guidance for Site Investigation and Remediation (NMED, 2014) and compared to the action levels 

provided in the following: 

 EPA Regional Screening Levels for Industrial Air available online at 

http://www.epa.gov/region6/6pd/rcra_c/pd-n/screen.htm.  
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 NMED Vapor Intrusion Screening Levels available online at 

http://www.nmenv.state.nm.us/HWB/documents/RA_Guidance_for_SI_and_Remediation_12-24-

2014.pdf.  

The NMED Vapor Intrusion Screening Levels are provided in Table A-3 of the risk assessment guidance.  

The vapor intrusion evaluation will be performed following completion of site investigation activities. 

Evaluation will consist of comparison of groundwater analytical data to the Residential Groundwater 

screening levels specified in the table. Should concentrations exceed the screening levels, further 

evaluation of indoor air and soil gas will be performed by collection of indoor air samples and soil gas 

samples. Should such sampling be required, an addendum to this work plan will be prepared and 

submitted for review and approval by Air Force Civil Engineer Center (AFCEC) and the NMED. 

3.6 Quality Assurance Project Plan 

The objective of this investigation is to provide sample analytical data of sufficient quality and quantity to 

characterize and refine the understanding of the nature and extent of contamination underlying the Site. 

The Final Uniform Federal Policy Quality Assurance Project Plan, SS-002 – Petroleum, Oil and 

Lubricants Storage Tank Spill Site 1 (AECOM, 2016b) outlined sampling and analytical requirements 

necessary to ensure that the functional activities, organization, and quality assurance/quality control 

protocols are achieved in accordance with the project’s data quality objectives.  

The Final Uniform Federal Policy Quality Assurance Project Plan, SS-002 – Petroleum, Oil and 

Lubricants Storage Tank Spill Site 1 (AECOM, 2016b) provides the direction necessary for the collection 

of data required for assessment of the sediments and groundwater underlying the SS-002 Site at Holloman 

AFB. The plan was written in accordance with the QAPP requirements and elements set forth in the 

Intergovernmental Data Quality Task Force Uniform Policy for QAPPs by the EPA (EPA, 2005), dated 

March 2005, which was adopted by the AFCEC. QAPPs written in the Uniform Federal Policy format 

integrate the technical and quality aspects of a project, including planning, implementation, and 

assessment, and include elements of a sampling and analysis plan.  

As outlined in the QAPP, quality assurance objectives are specified to ensure that data produced are of a 

known and sufficient quality for determining whether a risk to human health or the environment exists. 

Minimum precision, accuracy, and completeness measurements and minimum detection limits are 

quantitative objectives specified in the QAPP. Representativeness and comparability are qualitative 

objectives. During the sampling discussed in the QAPP, field quality control samples will be collected 

and analyzed to evaluate the achievement of the precision and accuracy objectives specified in the QAPP. 

Overall, both field and laboratory precision will be evaluated through the results of duplicate groundwater 

samples, equipment rinsates, and field blanks. The duplicate samples, equipment rinsates, and field blanks 

will be analyzed for the same suite of analytes as the primary samples. Trip blanks to be analyzed for 

VOCs will be included in each cooler containing VOC samples shipped to the laboratory. 

Environmental analyses are critical, because decision-making based on inaccurate measurements or data 

of unknown quality can have significant economic and health consequences. Data verification and 

validation will be performed as specified in the QAPP to ensure data meet the project requirements. 

Method data validation is the process whereby analytical data are reviewed against set criteria to ensure 

that the results conform to the requirements of the analytical method and any other specified 

requirements. All laboratory-generated data will be validated in accordance with the requirements of the 

QAPP. The field-generated data will not be validated, but the quality of the field-generated data will be 

ensured through adherence to established operating procedures and use of equipment calibration and 

standardization, as appropriate. 
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3.7 Health and Safety Plan 

A health and safety plan will be prepared to address the tasks and conditions to be encountered during this 

site investigation. The HASP presents the health and safety requirements and guidelines for field 

operations addressed under the IRP at Holloman AFB administered by AECOM New Mexico and 

Phoenix offices under terms of the aforementioned contract. The purpose of the HASP is to identify and 

educate personnel of the potential hazards associated with field activities at Holloman AFB. 

Subcontractors working for AECOM at task sites will be responsible to provide their own HASPs and 

provide documentation to AECOM that describes their plan for addressing applicable health and safety 

requirements for activities that are unique to their scope of services. The HASP is a living document and 

is to be updated as conditions dictate. The HASP will cover the following items: 

 Project team organization and responsibilities 

 Training and medical monitoring requirements 

 Site hazard analysis 

 Emergency response plan 

 Personal protective equipment and medical screening 

 Frequencies and types of air monitoring 

 Site control measures and safe work practices 

 Decontamination procedures 

 Site inspections 

 Recordkeeping 

The HASP will be augmented by the AECOM Health and Safety Program’s relevant Safety Management 

Standards that were developed under the company’s Health and Safety Management System and are 

required to be available on-Site during all activities. 

3.8 Investigation-Derived Waste 

The IDW generated during the groundwater monitoring, soil boring, and well installation will include 

spent and unused sample material, personal protective equipment, miscellaneous sampling supplies, 

decontamination water, and purge water. The IDW will be managed in accordance with standard 

procedures. Prior to performing sampling, the field team leader will discuss with the field sampling 

personnel waste reduction methods. Practices to be instituted to support waste minimization include, but 

are not limited to, the following: 

 Restriction of materials (especially hazardous materials) to those needed for performance of work 

 Substitution of recyclable materials for disposable items 

 Reuse of items, when practical 

 Segregation of contaminated from uncontaminated waste 

 Segregation of reusable items (such as personal protective equipment and tools) 

 Waste characterization will be evaluated based on the comparison of analytical results with 

applicable regulatory levels. 
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Wastewater from pre-sampling well purging and equipment decontamination will be stored in tanks 

pending the receipt of the groundwater analytical results. A sign posted on each tank will identify the 

contents and convey a warning that no material should be added or removed. Waste characterization will 

be performed by reviewing the groundwater sample analytical results from the wells. The detected 

constituent concentrations will be compared to the NMWQCC Regulations, Part 2, 3103, A, B, and C 

groundwater quality standards (20 NMAC 6.2). 

A Notice of Intent to discharge development, purge, and decontamination water will be prepared and 

submitted to NMED GWQB for approval prior to discharging any groundwater to surface. Results from 

laboratory analyses will be summarized and concentrations evaluated for individual containers based on 

the volume added from the wells from which the purge water and decontamination water originated. The 

maximum concentrations will be used to determine whether purge water meets the discharge 

requirements. After NMED provides their approval, the water will be discharged to the ground surface at 

the Site. If the results indicate that the water cannot be released to the ground surface, it will be disposed 

at an appropriate facility. 

All personal protective equipment and disposable equipment will be placed in double plastic bags and 

sealed for disposal in dumpsters at the Base. 

As part of the contract with the subcontracted laboratories, all laboratory and sample waste is managed in 

accordance with the subcontract. Analytical waste streams may include unused/unaltered sample material, 

analytical residues, and sample containers. Unused/unaltered sample material will be generated from the 

sampling activities in the form of groundwater not required for analysis. Generally, the laboratory will be 

responsible for disposal of the unused/unaltered sample material. In those cases where samples must be 

returned from the laboratory, this excess material will be documented and disposed in accordance with the 

requirements for disposal of purge and decontamination water. Analytical residues will be generated from 

the sample analytical activities conducted by the subcontracted laboratories. Although the laboratories are 

required to dispose of analytical residues under terms of the subcontract, the potential does exist for return 

of analytical residues. If analytical residues are returned, this will be documented and the waste disposed 

at an appropriate facility. 

Sample containers will become a waste stream following analyses. The laboratories are required to 

dispose of the sample containers in accordance with established waste management procedures. Sample 

containers will only be returned to the project should unused/unaltered sample material need to be 

returned as discussed above.  



5.0 REPORTING 

Holloman AFB Site SS-002 15 April 2016 

RFI Work Plan 

4.0 PROJECT MANAGEMENT PLAN 

The following personnel will be involved in the implementation of this Supplemental RFI Work Plan: 

 Mr. Richard Wells, Project Manager, will provide technical oversight, coordinate project 

activities, support technical report preparation, and review of documents. 

 Ms. Sheri Fling, Project Chemist, will coordinate laboratories and will direct review of analytical 

data generated, oversee data management and data validation requirements, and confirm that data 

are uploaded in accordance with the ERPIMS requirements. 

 Mr. Carl Crane will support development of the human health risk assessment. 

 Ms. Teresa Doenges will support development of the ecological risk assessment. 

 Mr. Patrick Ostrye will direct field activities, provide subcontractor oversight, oversee field 

sampling activities, and coordinate day-to-day operations. 
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5.0 REPORTING 

Reporting will be comprised of an RFI report and annual groundwater monitoring reports. 

5.1 Resource Conservation and Recovery Act Facility Investigation Report 

Documentation of the project will include field notes and forms, photographs, and analytical data. The 

RFI report will be prepared following completion of the activities described herein documenting the 

results of the sampling and analyses. The report will be submitted for United States Air Force (USAF) 

and NMED review. The RFI report will include, at a minimum, the following elements: 

 Introduction – the Introduction will describe the purpose of the RFI Report and provide a 

summary description of the project 

 Environmental Setting – the Environmental Setting form the Work Plan will be included with any 

additional information collected that clarifies or improves the understanding of the Environmental 

Setting 

 Source Characterization – any sources of contamination and nature of releases identified will be 

described 

 Sampling and Analysis Results – data collected will be presented along with analysis and 

interpretation of how the sampling data meet the RFI objectives. Data quality and data review 

results will be included in this section. 

 Data Quality Assurance/Data Quality Control Review – a summary of the QA/QC data review 

will be presented, and will include holding times, blanks, laboratory control samples, field 

duplicates, matrix spike/matrix spike duplicates, and data assessment/data usability 

 Risk Evaluation – an evaluation of the risks to human health and the environment will be 

developed to assess whether constituents present in groundwater underlying the Site pose an 

unacceptable risk. This section will also include an evaluation of vapor intrusion. 

 Conclusions – the Conclusions will summarize information and data acquired during the RFI 

field work pertaining to the environmental setting, source characterization, sampling and analysis 

results, risk assessment, and data quality. If data gaps are identified, recommendations will be 

made in the Recommendations section of the report. 

 Recommendations – If further actions are needed to complete the characterization of release(s) 

from the site, they will be included in this section. 

5.2 Groundwater Monitoring Reports 

Annual groundwater monitoring reports will be prepared to document the results of the groundwater 

sampling and well gauging activities completed during the fiscal year. The annual monitoring reports will 

provide evaluation of the data and associated trends and provide recommendations as to future monitoring 

requirements and optimization actions.  

In addition to the above reports, analytical data will be exported for upload to AFCEC’s Environmental 

Restoration Program Information Management System database within 90 days of sample collection.  
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6.0 PROJECT SCHEDULE 

An integrated master schedule (see Table 6-1) has been prepared for the overall anticipated sequence of 

activities to be performed in support of the investigation at the Site. The schedule is dependent on many 

factors including, but not limited to, USAF and NMED review and comment, subcontractor availability, 

weather, and Site conditions. The USAF and NMED will be notified 30 days prior to the implementation 

of field activities.  

The RFI schedule will allow for evaluation of screening level data during field work to allow for timely 

response to changing conditions. The RFI report will be submitted for review and approval by USAF and 

NMED personnel. 
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Table 1-1.  Constituents of Potential Concern 

Constituent 

Number of 

Samples 

Number of 

Detects 

Concentration (µg/L) 

Maximum Minimum 

Screening 

Level 

Volatile Organic Compounds 

Acetone 14 3 20.7 6.5 Not Defined 

Benzene 14 6 319 0.64 5 

sec-Butylbenzene 14 8 7.4 0.69 Not Defined 

1,2-Dichloroethane 14 5 17.2 0.7 5 

trans-1,3-Dichloropropene 14 1 1.1 1.1 Not Defined 

Isopropylbenzene 14 6 50.3 1.3 Not Defined 

Methyl methacrylate 14 2 7.3 3.7 Not Defined 

Methyl ethyl ketone 14 1 37.4 37.4 Not Defined 

n-Propylbenzene 14 2 17.8 13.5 Not Defined 

Semivolatile Organic Compounds 

2,4-Dimethylphenol 9 1 5.4 5.4 Not Defined 

Dibenzofuran 9 1 5.95 5.95 Not Defined 

2-Methylnaphthalene 9 1 2.4 2.4 Not Defined 
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Table 6-1. Project Schedule 

Name Duration Start Finish 

Quality Assurance Project, includes Work Plan and Health and Safety Plan 450 d Tue 8/18/15 Wed 11/9/16 

   Prepare and Submit Draft Quality Assurance Project Plan 60 d Tue 8/18/15 Fri 10/16/15 

   Air Force Review Draft Quality Assurance Project Plan 30 d Sat 10/17/15 Sun 11/15/15 

   Response to Comments (including comment resolution and prepare/check Draft Final version) 15 d Mon 11/16/15 Mon 11/30/15 

   Air Force Accept Draft Final Quality Assurance Project Plan 0 d Mon 11/30/15 Mon 11/30/15 

   Air Force Pay Regulator Fee 30 d Tue 12/1/15 Wed 12/30/15 

   Regulator Review Draft Final Quality Assurance Project Plan 270 d Thu 12/31/15 Sun 9/25/16 

   Response to Comments 15 d Mon 9/26/16 Mon 10/10/16 

   Air Force/Regulator Concurrence with Final 30 d Tue 10/11/16 Wed 11/9/16 

   Air Force/Regulator Accept Final Quality Assurance Project Plan 0 d Wed 11/9/16 Wed 11/9/16 

Semi-Annual Groundwater Monitoring 165 d Thu 11/10/16 Sun 4/23/17 

   Collect Groundwater Samples 5 d Thu 11/10/16 Mon 11/14/16 

   Sampling Analysis 30 d Tue 11/15/16 Wed 12/14/16 

   Prepare and Submit Data Package 30 d Thu 12/15/16 Fri 1/13/17 

   Collect Groundwater Samples 5 d Mon 3/20/17 Fri 3/24/17 

   Sampling Analysis 30 d Sat 3/25/17 Sun 4/23/17 

Groundwater Monitoring Report 2016 330 d Mon 4/24/17 Mon 3/19/18 

   Prepare and Submit Draft Groundwater Monitoring Report 2016 30 d Mon 4/24/17 Tue 5/23/17 

   Air Force Review Draft Groundwater Monitoring Report 2016 30 d Wed 5/24/17 Thu 6/22/17 

   Response to Comments (including comment resolution and prepare/check Draft Final version) 15 d Fri 6/23/17 Fri 7/7/17 

   Air Force Accept Draft Final Groundwater Monitoring Report 2016 0 d Fri 7/7/17 Fri 7/7/17 

   Air Force Pay Regulator Fee 30 d Sat 7/8/17 Sun 8/6/17 

   Regulator Review Draft Final Groundwater Monitoring Report 2016 180 d Mon 8/7/17 Fri 2/2/18 

   Response to Comments 15 d Sat 2/3/18 Sat 2/17/18 

   Air Force/Regulator Concurrence with Final 30 d Sun 2/18/18 Mon 3/19/18 

   Air Force/Regulator Accept Final Groundwater Monitoring Report 2016 0 d Mon 3/19/18 Mon 3/19/18 

Semi-Annual Groundwater Monitoring 218 d Mon 9/18/17 Mon 4/23/18 

   Collect Groundwater Samples 5 d Mon 9/18/17 Fri 9/22/17 

   Sampling Analysis 30 d Sat 9/23/17 Sun 10/22/17 

   Prepare and Submit Data Package 30 d Mon 10/23/17 Tue 11/21/17 

   Collect Groundwater Samples 5 d Tue 3/20/18 Sat 3/24/18 

   Sampling Analysis 30 d Sun 3/25/18 Mon 4/23/18 
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Name Duration Start Finish 

Groundwater Monitoring Report 2017 330 d Tue 4/24/18 Tue 3/19/19 

   Prepare and Submit Draft Groundwater Monitoring Report 2017 30 d Tue 4/24/18 Wed 5/23/18 

   Air Force Review Draft Groundwater Monitoring Report 2017 30 d Thu 5/24/18 Fri 6/22/18 

   Response to Comments (including comment resolution and prepare/check Draft Final version) 15 d Sat 6/23/18 Sat 7/7/18 

   Air Force Accept Draft Final Groundwater Monitoring Report 2017 0 d Sat 7/7/18 Sat 7/7/18 

   Air Force Pay Regulator Fee 30 d Sun 7/8/18 Mon 8/6/18 

   Regulator Review Draft Final Groundwater Monitoring Report 2017 180 d Tue 8/7/18 Sat 2/2/19 

   Response to Comments 15 d Sun 2/3/19 Sun 2/17/19 

   Air Force/Regulator Concurrence with Final 30 d Mon 2/18/19 Tue 3/19/19 

   Air Force/Regulator Accept Final Groundwater Monitoring Report 2017 0 d Tue 3/19/19 Tue 3/19/19 

Supplemental RFI Report 450 d Mon 4/24/17 Tue 7/17/18 

   Prepare and Submit Draft Supplemental RFI Report 60 d Mon 4/24/17 Thu 6/22/17 

   Air Force Review Draft Supplemental RFI Report 30 d Fri 6/23/17 Sat 7/22/17 

   Response to Comments (including comment resolution and prepare/check Draft Final version) 15 d Sun 7/23/17 Sun 8/6/17 

   Air Force Accept Draft Final Supplemental RFI Report 0 d Sun 8/6/17 Sun 8/6/17 

   Air Force Pay Regulator Fee 30 d Mon 8/7/17 Tue 9/5/17 

   Regulator Review Draft Final Supplemental RFI Report 270 d Wed 9/6/17 Sat 6/2/18 

   Response to Comments 15 d Sun 6/3/18 Sun 6/17/18 

   Air Force/Regulator Concurrence with Final 30 d Mon 6/18/18 Tue 7/17/18 

   Air Force/Regulator Accept Final Supplemental RFI Report 0 d Tue 7/17/18 Tue 7/17/18 

RFI – Resource Conservation and Recovery Act Facility Investigation 
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Figure 1-1. Site Vicinity Map 
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Figure 1-2. Existing Monitoring Well Locations
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Figure 1-3.  Benzene and 1,2-Dichloroethane Distribution (2006) 
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NOTICE 

This Groundwater Monitoring Plan was prepared for the Air Force Civil Engineer Center by AECOM 
Technical Services, Inc. to aid in the site investigation and potential implementation of a final remedial 
action plan under the Installation Restoration Program. As the report relates to actual or possible releases 
of potentially hazardous substances, its release prior to an Air Force final decision on remedial action may 
be in the public's interest. The limited objectives of this report and the ongoing nature of the Installation 
Restoration Program, along with the evolving knowledge of site conditions and chemical effects on the 
environment and health, must be considered when evaluating this report, since subsequent facts may 
become known which may make this report premature or inaccurate. 

Government agencies and their contractors registered with the Defense Technical Information Center 
should direct requests for copies of this report to: Defense Technical Information Center, Cameron 
Station, Alexandria, Virginia 22304-6145. 

Non-government agencies may purchase copies of this document from: National Technical Information 
Service, 5285 Port Royal Road, Springfield, Virginia 22161. 
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PREFACE 

PREFACE 

This Groundwater Monitoring Plan addresses the groundwater monitoring activities that will be 
performed for SS-002, Petroleum, Oil and Lubricants Storage Tank Spill Site 1, at Holloman Air Force 
Base, New Mexico. The purpose ofthe plan is to provide guidance for the groundwater sampling of 11 
existing groundwater monitoring wells located at and within the vicinity of the site in support of the 
Supplemental Resource Conservation and Recovery Act Facility Investigation being conducted at the 
Site. 

This work will be performed under the authority of the requirements of the Air Force Civil Engineer 
Center Contract No. FA3002-07-D-0015 Task 0004. This program is conducted under the Holloman Air 
Force Base Environmental Restoration Chief, Ms. DeAnna Rothhaupt. AECOM Technical Services, Inc. 
has prepared this Groundwater Monitoring plan as defined in the Statement of Work for the Resource 
Conservation and Recovery Act Facility Assessment, Supplemental Resource Conservation and Recovery 
Act Facility Investigation, Five-Year Review at Cannon Air Force Base and Holloman Air Force Base, 
New Mexico. Mr. Richard Wells is the AECOM Technical Services, Inc. Project Manager for the contract 
and technical lead for the SS-002 site at Holloman Air Force Base . 
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1.0 INTRODUCTION 

This Groundwater Monitoring Plan addresses the groundwater sampling and analysis activities that will 
be performed for the Petroleum, Oil and Lubricants (POL) Storage Tank Spill Site 1 (SS-002) at 
Holloman Air Force Base (AFB), New Mexico, hereinafter referred to as the Site. The site location is 
shown in Figure 1-1. This plan was prepared in accordance with the requirements of the Air Education 
and Training Command (AETC) Contract No. FA3002-07-D-0015 Task 4. AECOM Technical Services, 
Inc. (AECOM) has prepared this Work Plan in accordance with the Statement of Work for the Resource 
Conservation and Recovery Act Facility Assessment, Supplemental Resource Conservation and Recovery 
Act Facility Investigation, Five-Year Review at Cannon Air Force Base and Holloman Air Force Base, 
New Mexico (AETC, 20 15). The Final SS-002- Supplemental Resource Conservation and Recovery Act 
Facility Investigation Work Plan (U.S. Air Force [AECOM], 2016a) describes the overall activities that 
will be performed in support of the supplemental investigation of groundwater associated with the Site. 
Monitoring requirements are further delineated in the Final Uniform Federal Policy Quality Assurance 
Project Plan, SS-002- Petroleum, Oil and Lubricants Storage Tank Spill Site 1 (AECOM, 20 16b ). The 
Site is listed as Area of Concern Tin Appendix 4-A of the Holloman AFB Hazardous Waste Facility 
Permit No. NM6572124422 Modification (New Mexico Environment Department [NMED], 2013a). 

1.1 Purpose and Scope 

This plan describes the groundwater monitoring requirements for SS-002. The purpose of this plan is to 
provide guidance for groundwater sampling and gauging at the 11 existing monitoring wells at the Site. 
This plan addresses the following elements: 

• General site map showing Holloman AFB in relation to the State of New Mexico and the location 
of SS-002 within Holloman AFB 

• A site map showing the location of the existing groundwater monitoring wells 

• General site description and history 

• Groundwater monitoring requirements 

• Quality assurance/quality control (QA/QC) sample requirements 

• Documentation and reporting requirements 

The groundwater monitoring activities may be revised to reflect changes in the monitoring scope or 
schedule upon agreement with the NMED. 
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2.0 BACKGROUND AND HISTORY 

The POL Storage Tank Spill Sites I and 2 occupy approximately one-third acre in the northeastern 
portion of the POL storage yard, which is located northeast of the Main Base area and is approximately 
900 feet (ft) west ofthe Holloman AFB boundary. Figure 2-1 shows the site layout. The POL site was 
previously occupied by 14 25,000-gallon aboveground diesel and jet fuel storage tanks that were located 
within the former bermed area shown on Figure 2-1. Spill Site No. I (SS-002) resulted from spills of JP-4 
and aviation gasoline that occurred from the early 1960s to the late 1970s within the unlined bermed area 
when the fuel tanks were periodically overtopped. The amount of fuel spilled is unknown. Spill Site No. 2 
(SS-005) resulted from a spill of approximately 30,000 gallons of JP-4 in 1978 when a drain valve for a 
4-inch fuel line was accidentally left open. Base personnel recovered approximately 28,500 gallons of the 
JP-4 with the remainder of the fuel seeping into the gravel base within the bermed POL storage tank area. 
The 14 storage tanks were removed in 1987, but the tank saddles were left in place and covered with a 4-
ft high soil mound that contained soil previously used for the berm that surrounded the tanks. Because of 
the proximity of the two sites (SS-002 and SS-005), they were combined in the Resource Conservation 
and Recovery Act permit. 

The Final Accelerated Corrective Measures Completion Report, SS-02/05 POL Storage Tank Spill Sites 1 
and 2, Holloman Air Force Base, New Mexico (Nation View, LLC [Nation View], 2011) documents each 
of the petroleum contaminated soil (PCS) removal actions that were performed by Bhate Environmental 
Associates, Inc. (Bhate) under the U.S. Army Corps of Engineers Omaha contract DACA45-03-D-0023, 
Delivery Orders 1 and 7. The removal actions were performed by Bhate at Sites SS-02/05 from June 2004 
through June 2008. The PCS removal actions were conducted by Bhate in accordance with the Voluntary 
Corrective Measures Work Plan Spill Site 02/05, Holloman AFB, New Mexico (Bhate, 2003). Subsurface 
characterization was conducted by Bhate in accordance with the Additional Investigation Requirements 
Work Plan Site SS-02/05 (Bhate, 2005) and two Memorandum Work Plans (Memorandum Scope of Work 
for Soil and Groundwater Sampling HAFB, New Mexico [Bhate, 2006] and Memorandum Work Plan to 
Address the Insitu Sampling of Overburden at Spill Site 02/05, Holloman AFB, New Mexico [Bhate, 
2007]). 

2.1 Groundwater Impacts 

Section 6 of the Final Accelerated Corrective Measures Completion Report, SS-02/05 POL Storage Tank 
Spill Sites 1 and 2, Holloman Air Force Base, New Mexico (Nation View, 20 II) provides a risk-based 
evaluation of groundwater associated with the Site. Groundwater samples were collected in December 
2005/January 2006.Twelve constituents of potential concern (COPC) were identified as presented in 
Table 2-1 and include nine volatile organic compounds (VOCs) and three semi-volatile organic 
compounds (SVOCs). The screening level is based on the lower of either the New Mexico Water Quality 
Control Commission (NMWQCC) or the U.S. Environmental Protection Agency (EPA) maximum 
contaminant level for drinking water. 

As can be seen from examination ofthe analytical data, benzene and 1,2-dichloroethane exceeded the 
applicable screening levels. The risk assessment determined that the residual concentrations of the COPC 
in groundwater were protective of future residents; therefore, the corrective measures completion report 
(Nation View, 20 II) recommended the site for no further action. As per the review NMED review letter, 
the report was disapproved because monitoring requirements had not been fulfilled and the risk 
assessment was deemed inadequate because of the limited monitoring data used for the risk assessment. 
This monitoring plan provides for completion of four additional semi-annual groundwater monitoring 
events to support evaluation of the groundwater exposure pathways relative to potential vapor impacts at 
the site in accordance with the "Disapproval- Accelerated Corrective Measures Completion Report, SS-
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02/05 POL Storage Tank Spill Sites 1 and 2, April2011, Holloman Air Force Base, EPA ID 
#NM6572124422, HWB-HAFB-11-009" (NMED, 2013b). 
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3.0 GROUNDWATER MONITORING 

3.1 Monitoring Requirements 

Groundwater samples will be collected from the II existing monitoring wells associated with and in the 
vicinity of SS-002 as described in the Final Uniform Federal Policy Quality Assurance Project Plan, SS-
002- Petroleum, Oil and Lubricants Storage Tank Spill Site 1 (AECOM, 20 I6b ). Semi-annual 
monitoring will be conducted over a period of two years. The proposed groundwater monitoring network 
is displayed on Figure 2-I. Table 3-I lists the monitoring wells to be sampled within the monitoring well 
network associated with the Site and incorporates survey and well construction information for each well. 

Groundwater level measurements will be taken prior to each sampling event and a potentiometric map 
will be generated to determine groundwater flow direction. Upon the completion of the field work for 
each sampling event, a brief letter report including the analytical results will be prepared and submitted. 
More comprehensive analysis of the data will be conducted as part ofthe Annual Monitoring Reports. 
AECOM will develop and submit an Annual Monitoring Report that includes a tabular presentation of the 
analytical data, graphs depicting trend analyses, and potentiometric maps for each semi-annual sampling 
event to document seasonal variations, if present. 

Samples will be collected and analyzed for the parameters as provided in Table 3-2. Water quality 
parameter measurements will be collected during sampling. Sample handling, analyses, and QA/QC 
procedures will comply with the requirements defined in the Final Uniform Federal Policy Quality 
Assurance Project Plan, SS-002- Petroleum, Oil and Lubricants Storage Tank Spill Site 1 (AECOM, 
20I6b). 

3.2 Pre-Sampling Activities 

The Holloman AFB personnel will be contacted, as necessary, prior to the semi-annual monitoring events 
to provide notification of impending activities. The NMED will be notified, as required, of groundwater 
sampling events to allow for coordination of regulatory oversight activities. The project laboratory will 
also be notified of each groundwater sampling event, including the number of samples expected to be 
collected for each specified analysis. 

3.3 Health and Safety 

All field work will be completed in accordance with the project Health and Safety Plan. A daily safety 
tailgate meeting will be conducted at the beginning of each work day. This will include reviewing site
specific safety concerns and the job safety analyses. Personal protective equipment required for this work 
is not expected to exceed Level D which includes steel-toed boots, nitrile gloves for sample collection, 
leather gloves, hard hats, safety glasses, and a high-visibility reflective safety vest when on site. 

3.4 Groundwater Level Measurements 

Groundwater level measurements will be collected in accordance with the requirements delineated in A-1, 
"Measurement of Groundwater and Fluid Levels in Wells," provided in Appendix A. During the course of 
collecting water level measurements, observations of well conditions will be collected and recorded. 
Water level measurements will be collected from the II existing monitoring wells located at the Site at 
the time of sample collection. Static water levels and total well depth will be measured prior to purging 
activities. 
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3.0 LONG-TERM GROUNDWATER MONITORING 

3.5 Sample Collection Methods 

Groundwater samples will be collected in accordance with the requirements delineated in A-2, 
"Monitoring Well Purging and Groundwater Sampling," provided in Appendix A. Each well will be 
purged and sampled in accordance with the A-2. During the purging of each well, field parameter data 
will be collected in accordance with A-3, "Measurement of Groundwater Field Parameters," also 
provided in Appendix A. 

3.6 Equipment Decontamination 

Non-dedicated sampling equipment will be decontaminated between sample locations following the 
procedures described in A-4, "Decontamination," provided in Appendix A. Dedicated sampling 
equipment will not require decontamination. Dedicated/disposable equipment is anticipated to be used for 
groundwater sampling. 

3.7 Sample Labels 

Each sample will be labeled with a unique identifier and recorded in the field logbook (A-5, "Sample 
Identification, Management, and Handling" provided in Appendix A) as it is collected. The sample 
identification will be documented on the chain-of-custody form. Data pertinent to each sample such as 
sample identification, location, color, time, and date will be recorded on field data sheets. Each analytical 
sample will be assigned a unique number in the following format: 

• Groundwater Sampling Location (i.e., MW-02&05-02) 

• Date sampled (MMDDYY) 

Under this sample designation format, sample "MW -02&05-02-072516" corresponds to a sample 
collected from monitoring well MW-02&05-02 on July 25, 2016. 

3.8 Chain-of-Custody 

All samples will be accompanied by a chain-of-custody in accordance with A-5, "Sample Identification, 
Management, and Handling" provided in Appendix A. The chain-of-custody form will be completed by 
the field sampling technician collecting the sample and will accompany each sample cooler. Whenever a 
sample is transferred to another responsible party in an unsealed cooler, the receiving party must sign-off 
on the chain-of-custody form. 

The original chain-of-custody form will accompany the samples to the laboratory with a copy retained by 
field staff, and a final copy will be returned with the analytical results. 
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4.0 QUALITY ASSURANCE PROJECT PLAN 

The objective of this investigation is to provide sample analytical data of sufficient quality and quantity to 
characterize and refine the understanding of the nature and extent of contamination underlying the Site. 
The Final Uniform Federal Policy Quality Assurance Project Plan, SS-002- Petroleum, Oil and 
Lubricants Storage Tank Spill Site 1 (AECOM, 20 16b) outlined sampling and analytical requirements 
necessary to ensure that the functional activities, organization, and quality assurance/quality control 
protocols are achieved in accordance with the project's data quality objectives. 

The Final Uniform Federal Policy Quality Assurance Project Plan, SS-002- Petroleum, Oil and 
Lubricants Storage Tank Spill Site 1 (AECOM, 20 16b) provides the direction necessary for the collection 
of data required for assessment of the sediments and groundwater underlying the SS-002 Site at Holloman 
AFB. The plan was written in accordance with the Quality Assurance Project Plan (QAPP) requirements 
and elements set forth in the Intergovernmental Data Quality Task Force Uniform Policy for QAPPs by 
the EPA (EPA, 2005), dated March 2005, which was adopted by the Air Force Civil Engineer Center. 
QAPPs written in the Uniform Federal Policy format integrate the technical and quality aspects of a 
project, including planning, implementation, and assessment, and include elements of a sampling and 
analysis plan. 

As outlined in the QAPP, quality assurance objectives are specified to ensure that data produced are of a 
known and sufficient quality for determining whether a risk to human health or the environment exists. 
Minimum precision, accuracy, and completeness measurements and minimum detection limits are 
quantitative objectives specified in the QAPP. Representativeness and comparability are qualitative 
objectives. During the sampling discussed in the QAPP, field quality control samples will be collected 
and analyzed to evaluate the achievement of the precision and accuracy objectives specified in the QAPP. 
Overall, both field and laboratory precision will be evaluated through the results of duplicate groundwater 
samples, equipment rinsates, and field blanks. The duplicate samples, equipment rinsates, and field blanks 
will be analyzed for the same suite of analytes as the primary samples. 

Environmental analyses are critical, because decision-making based on inaccurate measurements or data 
of unknown quality can have significant economic and health consequences. Data verification and 
validation will be performed as specified in the QAPP to ensure data meet the project requirements. 
Method data validation is the process whereby analytical data are reviewed against set criteria to ensure 
that the results conform to the requirements of the analytical method and any other specified 
requirements. All laboratory-generated data will be validated in accordance with the requirements ofthe 
QAPP. The field-generated data will not be validated, but the quality of the field-generated data will be 
ensured through adherence to established operating procedures and use of equipment calibration and 
standardization, as appropriate. 

4.1 Duplicate Samples 

Field duplicates are samples that are collected at the same time, from the same source, and at the same 
depth or sample location as the associated field sample. Field duplicates are submitted to the project 
laboratory as separate samples. The purpose of collecting field duplicates is to assess the consistency of 
the overall sampling effort, including collection, shipping, and analysis. The purpose of submitting them 
to the laboratory is to assess the consistency or precision of the laboratory's analytical system. Duplicate 
samples will be collected and analyzed for the same parameters as the groundwater samples to evaluate 
sampling and analytical precision. Field duplicates are collected at a frequency of 10 percent of the 
primary samples collected, with a minimum of one duplicate collected. The precision goal for field 
duplicate analyses will be plus or minus a 35 relative percent difference. 
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4.0 QUALITY ASSURANCE PROJECT PLAN 

4.2 Equipment Blanks 

Field equipment blanks are samples that are prepared in the field by pouring deionized water over 
decontaminated sampling equipment and collecting the water in laboratory provided sampling containers. 
The water is analyzed as a sample. The field equipment blank gives an indication of impacts from field 
procedures (e.g., improperly cleaned sampling equipment, cross-contamination). It is anticipated that 
dedicated/disposable sampling equipment will be used, in which case, an equipment blank will not be 
required. In the event dedicated/disposable sampling equipment is not used, one equipment rinsate blank 
will be collected per 10 field samples during each annual groundwater monitoring event. 

4.3 Trip Blanks 

Trip blanks are used to evaluate ifVOCs may have been introduced to the environmental samples during 
shipment, handling, or storage. Trip blanks are prepared by the laboratory, shipped to the project site, and 
then transported back to the laboratory with the field samples. Trip blanks will be analyzed for VOCs 
only. Trip blanks will be submitted and analyzed with each cooler containing VOC samples. 

4.4 Data ValidationNerification 

The laboratory will provide a minimum of a Level II Quality Control laboratory data package. In addition, 
AECOM will request that a minimum of 10 percent of all samples be reported with a Level IV Quality 
Control laboratory data package. Following receipt of the Level II or Level IV data package from the 
laboratory, AECOM will perform data validation and verification to evaluate the reliability and 
defensibility of the analytical data. This process involves reviewing the data against a known set of 
criteria to verifY data validity prior to AECOM submitting the data. 
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5.0 INVESTIGATION-DERIVED WASTE 

5.0 INVESTIGATION-DERIVED WASTE 

The investigation-derived waste generated during the groundwater monitoring will include spent and 
unused sample material, personal protective equipment, miscellaneous sampling supplies, 
decontamination water, purge water, and samples. The investigation-derived waste will be managed in 
accordance with A-6, "Investigation Derived Waste Management" provided in Appendix A. Prior to 
performing sampling, the field team leader will discuss with the field sampling personnel waste reduction 
methods. Practices to be instituted to support waste minimization include, but are not limited to, the 
following: 

• Restriction of materials (especially hazardous materials) to those needed for performance of work 

• Substitution of recyclable materials for disposable items 

• Reuse of items, when practical 

• Segregation of contaminated from uncontaminated waste 

• Segregation of reusable items (such as personal protective equipment and tools)Waste 
characterization will be evaluated based on the comparison of analytical results with applicable 
regulatory levels. 

Wastewater fromgroundwater sampling activities and equipment decontamination will be stored in tanks 
pending the receipt of the groundwater analytical results. A sign posted on each tank will identify the 
contents and convey a warning that no material should be added or removed. Waste characterization will 
be performed by reviewing the groundwater sample analytical results from the wells. The detected 
constituent concentrations will be compared to the NMWQCC Regulations, Part 2, 3103, A, B, and C 
groundwater quality standards (20 New Mexico Administrative Code 6.2). 

A Notice of Intent to discharge purge and decontamination water classified as non-hazardous will be 
prepared following each sampling event and submitted to NMED Ground Water Quality Bureau for 
approval prior to discharging any groundwater to surface. Results from laboratory analyses will be 
summarized and concentrations evaluated for individual containers based on the volume added from the 
wells from which the purge water and decontamination water originated. The maximum concentrations 
will be used to determine whether purge water meets the discharge requirements. After NMED provides 
their approval, the water will be discharged to the ground surface at the site. If the results indicate that the 
water cannot be released to the ground surface, it will be disposed at an appropriate facility. 

All personal protective equipment and disposable equipment will be placed in double plastic bags and 
sealed for disposal in dumpsters at the base. 

As part ofthe contract with the subcontracted laboratories, all laboratory and sample waste is managed in 
accordance with the subcontract. Analytical waste streams may include unused/unaltered sample material, 
analytical residues, and sample containers. Unused/unaltered sample material will be generated from the 
sampling activities in the form of groundwater not required for analysis. Generally, the laboratory will be 
responsible for disposal of the unused/unaltered sample material. In those cases where samples must be 
returned from the laboratory, this excess material will be documented and disposed in accordance with the 
requirements for disposal of purge and decontamination water. Analytical residues will be generated from 
the sample analytical activities conducted by the subcontracted laboratories. Although the laboratories are 
required to dispose of analytical residues under terms of the subcontract, the potential does exist for return 
of analytical residues. If analytical residues are returned, this will be documented and the waste disposed 
at an appropriate facility. 
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5.0 JNVESTIGATJON-DERJVED WASTE 

Sample containers will become a waste stream following analyses. The laboratories are required to 
dispose of the sample containers in accordance with established waste management procedures. Sample 
containers will only be returned to the project should unused/unaltered sample material need to be 
returned as discussed above. 
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6.0 RECORDKEEPJNG 

6.0 RECORDKEEPING 

AECOM will maintain a field logbook in accordance with A-5, "Sample Identification, Management, and 
Handling," found in Appendix A, which requires that field logbooks be bound with lined, consecutively 
numbered pages. All pages must be numbered prior to initial use of the logbook. The primary document 
used to record site data is the field logbook. Entries will be made in indelible ink and corrections made by 
a single stroke through the error with the recorder's initials. All entries to the logbook will include, at a 
mmtmum: 

• Location, date, start and finish times 

• Names of personnel present 

• Names of visitors 

• General weather conditions 

• Health and safety briefings 

• Details of work performed 

• Summary of samples collected 

• Field measurement readings and field equipment calibration information 

• Photograph log and drawings/sketches 

• General observations 
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7.0 REPORTING 

7.0 REPORTING 

Upon receipt of analytical results from semi-annual sampling activities, AECOM will prepare a brief 
letter report including the analytical results. The annual monitoring reports will summarize field activities, 
observations, and results. The report will include the evaluation of trends and statistical analysis, as 
appropriate. 

Analytical results will also be presented within the report in a tabular format, and include sample 
identifier, date and time of collection, sample location, and concentrations. Analytical results will be 
compared to the applicable NMWQCC standards. Field notes and laboratory reports will be included as 
appendices within the report. 

In addition, within 90 days of sample collection, all data will be exported for upload to the Air Force Civil 
Engineer Center's Environmental Restoration Program Information Management System database. 
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Constituent 

Acetone 

Benzene 

sec-Butyl benzene 

1 ,2-Dichloroethane 

trans-! ,3 -Dichloropropene 

lsopropy I benzene 

Methyl methacrylate 

Methyl ethyl ketone 

n-Propylbenzene 

2,4-Dimethylphenol 

Dibenzofuran 

2-Methylnaphthalene 
---
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Table 2-1. Constituents of Potential Concern 

Number of Number of 
Samples Detects Maximum 

Volatile Organic Compounds 

14 3 20.7 

14 6 319 

14 8 7.4 

14 5 17.2 

14 I 1.1 

14 6 50.3 

14 2 7.3 

14 I 37.4 

14 2 17.8 

Semivolatile Organic Compounds 

9 I 5.4 

9 I 5.95 

9 I 2.4 

T-1 

TABLES 

Concentration (~giL) 

Screening 
Minimum Level 

6.5 Not Defined 

0.64 5 

0.69 Not Defined 

0.7 5 

1.1 Not Defined 

1.3 Not Defined 

3.7 Not Defined 

37.4 Not Defined 

13.5 Not Defined 

5.4 Not Defined 

5.95 Not Defined 

2.4 Not Defined 
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Table 3-1. Groundwater Monitoring Well Network 

Elevation Screen 
TOC Diameter Interval 

Well Northing Easting (ft amsl) (inches) (ft bgs) 

Sl-MW3 674280.362 1695537.084 4,099.088 2 11 - 26 

MW-02&05-02 673810.177 1695714.520 4,097.271 2 11-21 

MW-02&05-03 673677.930 1695537.120 4,096.280 2 11.8-22 

MW -02&05-04 673578.240 1695482.100 4,096.730 2 10.5-20.5 

MW -02&05-05 674222.105 1695711 .850 4,096.424 2 10.3-20.5 

MW -02&05-06 673920.730 1696110.691 4,084.529 2 2.6- 12.6 

MW-02&05-07 674179.447 1696080.236 4,084.834 2 3.1- 13.1 

MW-02&05-08 674361.929 1695817.736 4,086.059 2 2.7-12.7 

MW-02&05-09 674512.932 1695669.987 4,099.350 2 11.2-21.2 

MW-02&05-09a 673922.256 1695806.311 4,096.304 2 8- 183 

MW-02&05-10 673763.022 1695894.841 4,096.309 2 8- 183 

a. The screen interval is estimated based on the total depth of the well 

amsl - above mean sea level 
bgs - below ground surface 
ft- feet 
TOC - top of casing 

Table 3-2. Groundwater Sample Analyses and Methods 

Analysis 

Volatile organic compounds 

Semi-volatile organic compounds 

Total Dissolved Solids 

EPA - U.S. Environmental Protection Agency 

Holloman AFB Site SS-002 
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Method 

SW-846 Method 82608 

SW-846 Method 8270C/D 

EPA Standard Method 2540C 

T-2 

TABLES 

Total 
Depth 
(ft bgs) 

26.5 

21 

22 

20.5 

20.5 

13 

13.5 

13 

21.5 

18 

18 
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APPENDIX A 

Procedures 

Appendix A-1 Measurement of Groundwater and Fluid Levels in Wells 

Appendix A-2 Monitoring Well Purging and Groundwater Sampling 

Appendix A-3 Measurement of Groundwater Field Parameters 

Appendix A-4 Decontamination 

Appendix A-5 Sample Identification, Management, and Handling 

Appendix A-6 Investigation Derived Waste Management 
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1111111111-1 Measurement of GroundWater and Fluid Levels in Wells 

This procedure provides technical guidance and methods to be used for measurement of 
groundwater and fluid levels in wells (well gauging). In addition to groundwater, fluid levels 
that are routinely monitored are light and dense non-aqueous phase liquids (LNAPL and 
DNAPL, respectively). Where possible, well gauging should be conducted first in areas least 
affected by Site constituents, followed by increasingly affected areas. Sampling locations are 
specified in the long-term monitoring plan. All activities will be conducted in accordance with 
the site-specific Health and Safety Plan (HASP). 

1.0 EQUIPMENT AND MATERIALS 

The following equipment is may be used for the collection of fluid level data: 

• Field log book 

• Monitoring well gauging form (Attachment 1 to Appendix A-1) 

• Electronic water level indicator with depth intervals marked to the nearest 0.01 feet 

• Oil/water interface probe with depth intervals marked to the nearest 0.01 feet 

• Weighted steel measuring tape with decimal foot increments (if depth to the bottom of the 
well is to be determined) 

• Peristaltic pump (for evaluating the presence/absence ofDNAPL) 

• Standard hand tools (wrench, pliers, screwdrivers, cutting tools, etc.) 

• Keys to well locks 

• Decontamination equipment 

• Appropriate health and safety equipment as required by the HASP 

• Personal protective equipment (PPE) as required by the HASP 

2.0 METHODOLOGY 

The methodology for measuring groundwater levels, well depths, LNAPL levels, and DNAPL 
levels is provided below. The owner's manual for the water level indicator meter and the 
oil/water interface probe shall be referenced to ensure proper operation of the instruments. 

2.1 GROUNDWATER LEVEL MEASUREMENTS 

Groundwater level measurements will be performed using a water level indicator meter that has 
been decontaminated in accordance with Appendix A-4. Efforts should be made to complete the 
groundwater level gauging event during one day. Should one day prove to be insufficient time, 
gauging shall be completed over further consecutive days, as necessary. 

The following procedures will be followed to measure the depth to groundwater in wells: 

1. Locate and open the monitoring well or piezometer. Sometimes vapor pressure builds up 
within the well casing due to the well cap restricting the ability of the well to vent to 
atmosphere. The pressure build up may depress the water/fluid level in the well. Allow 
fluid levels to equilibrate to atmospheric pressure for several minutes prior to gauging. 
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IPPIIdill-1 Measurement of GroundWater and Fluid Levels in Wells 

2. Check the operation of the water level indicator meter by turning on the indicator switch 
and pressing the test button. 

3. Holding the water level meter above the well casing, lower the probe into the well until 
the indicator contacts the water surface. The contact with water is indicated by the buzzer 
sounding and illumination of the indicator light. 

4. Record the point on the graduated cable that corresponds to the surveyed well casing 
measuring point when the alert is first produced. If necessary, grasp cable with thumb 
and index finger exactly at the measuring point marked at the top of the well casing. Pull 
tape out of well slowly and read measurement. 

5. Record the depth to water surface to the nearest 0.01 ft on the gauging form. 

6. Remove the water level cable and probe from the well. Inspect the probe for evidence of 
LNAPL. Evidence includes petroleum or solvent odor or a visible oil sheen or film on 
the probe. Record presence or absence ofLNAPL on the gauging form (see Section 2.3 
for instructions on LNAPL level measurements). 

7. Decontaminate the water level probe in accordance with Appendix A-4. 

2.2 MEASURING TOTAL DEPTH OF WELL 

In situations where it is necessary to measure the total depth of a well (such as during well 
development, etc.), the following procedures may be followed: 

1. Lower a weighted steel measuring tape slowly from center of well to sound the 
bottom of the well. Sounding the bottom of the well prior to sampling of the well is 
not recommended due to the potential for re-suspension of settled formation solids in 
the well. 

2. When the weight is felt to hit the bottom or tape slackens noticeably, draw tape up 
very slowly until it is taut again. 

3. Record the well depth at the surveyed well casing measuring point to the nearest 0.1 
feet. 

4. A water-level indicator or oil/water interface probe may also be used; however, the 
depth measured on the tape may reference a point other than the tip of the probe. In 
this case, a measurement from the tip of the probe to the measuring point should be 
made and that length added to the total measured depth. 

2.3 LNAPL LEVEL MEASUREMENTS 

The following steps will be followed to measure the thickness of LNAPL in wells: 

1. LNAPL level measurements will be preceded by groundwater level measurements. 
Complete Steps 1 through 8 of Section 2.1 prior to measuring LNAPL levels. 

2. Use a clean oil/water interface probe that has been decontaminated in accordance with 
Appendix A-4. 
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3. Lower the oil/water interface probe into the well until the air/LNAPL interface is detected 
by the instrument. Record the depth relative to the well casing measuring point to the 
nearest 0.01 foot on the well gauging form or in the field logbook. 

4. Continue to lower the oil/water interface probe in the well to detect the oil/water 
interface. Once the instrument detects the water surface, continue to lower the probe 
approximately one foot and gently raise the probe up and down in the water column to 
rinse offLNAPL that has adhered to the probe that may affect the reading. Then slowly 
raise the probe to detect the water/oil interface and record the depth relative to the well 
casing measuring point to the nearest 0.01 foot on the well gauging form or in the field 
logbook. Note: If the thickness of LNAP L is small enough that the lower bound of 
LNAPL cannot be measured with the oil/water interface probe, then record this 
observation as a film or sheen on the fluid level gaugingform or field logbook. 

5. If gauging ofDNAPL level is also to be performed in the well, proceed to Section 2.4. If 
not, proceed to Step 6 below. 

6. Remove the oil/water interface cable and probe from the well. 

7. Decontaminate the oil/water interface probe and cable in accordance with Appendix A-4. 

2.4 DNAPL LEVEL MEASUREMENT 

The oil/water interface of DNAPL in a well, if present, will be estimated using the following 
procedures: 

3.0 

1. DNAPL level measurements will be preceded by groundwater level measurements 
(Section 2.1) and LNAPL level measurements (Section 2.3), ifLNAPL exists in the well. 

2. After measuring the thickness ofLNAPL in the well (if present), lower the oil/water 
interface probe in the well until DNAPL is encountered, if any. Measure the depth to the 
water/oil interface ofDNAPL in the same manner as that for air/oil interface ofLNAPL, 
as described in Section 2.3 above. 

3. A high suspended solids content at the bottom of a well has been found to produce false 
positive results for the detection ofDNAPL with an oil/water interface probe. Therefore, 
ifDNAPL is detected using an oil/water interface probe, a peristaltic pump, or similar 
methods, should be used to confirm the presence or absence of DNAPL. About one pint 
of fluid may be pumped from the bottom of the well for visual inspection of the presence 
or absence of DNAPL. 

4. The results of the visual inspection will be recorded on the well gauging form or in the 
field logbook. 

5. Peristaltic pump tubing, if not dedicated, will be disposed of in accordance with ID W 
handling specified in Appendix A-6. The oil/water interface probe and cable will be 
decontaminated in accordance with Appendix A-4. 

DOCUMENTATION 
Documentation during well purging and sampling will be in accordance with Appendix A-5. 
Documentation of the observations and data acquired in the field will provide information on the 
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activities conducted and also provide a permanent record of field activities. Observations and 
data will be recorded on a well gauging form and in the field logbook. 

3.1 FIELD NOTES 

The following information will be recorded in a bound field logbook using indelible ink: 

• Names of gauging personnel 

• Weather conditions 

• Date 

• Start time of gauging 

• End time of gauging 

• Gauging locations 

• Gauging equipment used 

• Any significant difference in time between gauging individual wells 

• Decontamination records 

• Any other pertinent information 

3.2 FIELD FORMS 

A well gauging form will be completed for each day of gauging. The form will contain entries 
for each well gauged during that day. The following information will be recorded: 

• Project name I number 

• Location 

• Date 

• Gauging personnel 

• Monitoring well identification numbers 

• Static LNAPL depths (if any) 

• Static water depths 

• Static DNAPL depths (if any) 

• Well depth (sounding), if measured 
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8181 E. Tufts Avenue 

Denver, Colorado 80237 Date: of 
Tel: 303.694.2770 
Fax: 303.694.3946 

Project Name: Location: 

Project Number: Measured By: 

Well TOC Elevation LNAPL Depth Water Depth DNAPL Depth 
Comments 

ID (ft MSL) (ftbTOC) (ft bTOC) (ft bTOC) 

Casing Volume Additional Remarks 

Casing I.D. Unit Casing Volume 
(in.) Gal/Lin. Ft.) 
1.0 0.04 
1.5 0.09 
2.0 0.16 
2.2 0.20 
3.0 0.37 
4.0 0.65 
4.3 0.75 
5.0 1.00 
6.0 1.55 
7.0 2.00 
8.0 2.60 



IDIIIdlxl-2 Monhoring Well Purging and Groundwater Sampling 

This procedure provides technical guidance and methods that will be used for monitoring well 
purging and groundwater sampling using low-flow sampling methods. The samples will be 
analyzed to provide data on the presence and concentration of Site constituents in groundwater 
on the site. The procedures outlined herein are accordance with groundwater sampling methods 
recommended by the U.S. Environmental Protection Agency (EPA) (1992, 1996). Details on 
site-specific sampling activities, equipment selection (i.e., pumps), site-specific field parameters, 
and laboratory analyses are presented in the Work Plan and/or the Quality Assurance Project Plan 
(QAPP). 

This procedure will provide descriptions of equipment, field procedures, and documentation 
necessary to properly collect groundwater samples for laboratory analysis. Sampling locations 
are specified and shown in the long-term monitoring plan. 

All activities will be conducted in accordance with the site-specific Health and Safety Plan 
(HASP). 

1.0 EQUIPMENT AND MATERIALS 

• Field log book 

• Electronic water level indicator or interface probe 

• Peristaltic pump, bladder pump, centrifugal pump, bailer, or submersible pump 

• Appropriate power source and cords for pump (i.e., generator, compressor, or inverter) 

• Flow-rate controller for pump, as applicable 

• Graduated cylinder or other volumetric measuring device 

• Plastic sheeting or other clean work surface 

• Disposable polyethylene discharge tubing 

• Disposable Pharmed®, Tygon®, or equivalent tubing (for peristaltic pump only) 

• Water quality meters (at a minimum pH, conductance, and temperature; ORP, and 
turbidity may also be used) 

• New disposable or decontaminated stainless-steel bailer, if specified in the Work Plan 

• Rope or twine: nylon, polypropylene, or similar 

• Watch 

• Purge water collection system (bucket(s) with lid(s), drum, etc.) 

• Standard hand tools (wrench, pliers, screwdrivers, cutting tools, etc.) 

• Keys to well locks 

• Decontamination equipment per Appendix A-4 

• Appropriate health and safety equipment as required by the HASP 

• Personal protective equipment (PPE) as required by the HASP 
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• Paper towels 

• Copies of well drilling and installation records, including boring logs and well 
completion diagrams for the wells to be sampled 

• 0.45-J.lm in-line filter or other appropriate filtering approaches (for dissolved constituents 
only), if applicable 

• Flow-through cell 

• Sample containers (including temperature blanks) 

• Sample labels 

• Sample logs I well sampling forms 

• Chain of custody forms 

• Custody seals 

• Shipping labels I AirBills 

• Strapping I shipping tape 

• Garbage bags 

• Ziploc®, or similar, bags 

• Cooler(s) 

• Ice 

2.0 PURGING AND SAMPLING METHODOLOGY 
Groundwater sampling incorporates several phases of multiple steps in order to achieve the 
highest possible accuracy and precision of laboratory analytical results. Proper preparation, 
purging, and sampling techniques greatly reduce the risk of cross-contamination or other 
unwanted variances of the analytical data. Where possible, sampling should be conducted first in 
areas least affected by Site constituents, followed by increasingly affected areas. The proper 
information will be recorded in the field log book or well sampling form as specified in Section 3 
of this procedure. 

2.1 PREPARATION FOR SAMPLING 

Preparation for sampling includes inspecting the condition of the well, monitoring health and 
safety conditions, and calibrating and decontaminating sampling equipment. General procedures 
are presented below: 

1. Make sure area around well head is clean and free of debris. 

2. Inspect condition of well (e.g., well locked, loose-fitting cap, measuring point well 
marked, surface casing disturbed, well casing straight, condition of concrete pad). 
Indicate condition of well on the sampling form. 
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2.2 

3. Remove well cap. If the HASP identifies organic compounds as potential contaminants 
of concern and requires breathing zone monitoring, screen well headspace and breathing 
zone headspace for organic vapors using the appropriate field monitoring instrument. 

4. All equipment should be decontaminated in accordance with Appendix A-4 before 
introduction to each well. Protective latex or nitrile gloves should be worn during 
possible water-contact or equipment-contact activities. At a minimum, gloves should be 
changed between each well or when introduction of potential contaminants to the well is 
possible. 

5. Measure water level using a decontaminated electronic water level meter as described in 
Appendix A-1. Sounding the bottom ofthe well using a weighted tape (i.e., for well 
casing volume calculations) prior to sampling is not recommended due to the potential for 
resuspension of settled solids in the formation. Well depth information should be 
obtained from the well logs or collected after sampling activities are complete, if 
possible. 

6. !flight non-aqueous phase liquid (LNAPL) is suspected, measure fluid level in 
accordance with Appendix A-1. 

7. Calculate the well casing volume as follows: 

well casing volume (gal)= n (r 2)(h)(7.48 gal/ft3
) 

Where h =height of water in the well casing (i.e., depth to bottom of the well minus 
depth to water (in ft), and r = radius of well casing in feet. Record this volume on the 
well sampling form. 

8. Calibrate water quality meters for measuring field parameters as specified by the 
equipment manufacturer(s). At a minimum, temperature, pH, and specific conductance 
measurements will be collected during purging and prior to sampling; however, do not 
immerse water quality meter probes into purge water containing free product. Other field 
parameters, including dissolved oxygen, Eh (redox, ORP), and turbidity (recommended 
for inorganics), etc. may be required as specified in the Work Plan. Record equipment 
calibration and maintenance in the field book. Decontaminate meters between wells by 
rinsing with distilled water. Manage rinse water used for these measurements in the same 
manner as purge water, as defined in the Work Plan. 

WELL PURGING METHODS 

Monitoring wells will be purged prior to collecting groundwater samples for analyses. Low flow 
purging procedures (EPA 1996) generally will be followed; however, certain wells or sites may 
also be sampled by purging three well volumes of groundwater prior to sample collection. The 
purpose of well purging is to remove stagnant groundwater from the well (which has interacted 
with air in the well casing). Field parameters (i.e., pH, temperature, and specific conductance) 
are measured during the purging process to verify that stagnant water has been removed and 
groundwater conditions are stable prior to sampling. A variety of pumps may be used to purge 
and sample the monitoring well: the pump type will be specified in the Work Plan. Refer to the 
manufacturer's instructions for operation of the specified pump. General procedures for purging 
are outlined below: 
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1. 

2. 

3. 

4. 

5. 

2.3 

Lower the pump intake, bailer, or tubing (as applicable) into the water column. The 
pump intake or tubing should be placed at the middle or slightly above the bottom of the 
screened interval. 

For low-flow purging, conduct purging at a rate that will minimize draw down in the well 
(i.e., purge at a rate less than or equal to recharge, if possible). Recommended purge rates 
are generally less than 0.13 gal/min (0.5 Llmin), or a rate that results in minimal 
drawdown in the well (e.g., less than 1 foot). Actual purge rates will vary based on 
aquifer material and well construction. 

Continue purging the well until field parameters have stabilized within 1 0 percent, 
according to Appendix A-3. Once field parameters have stabilized, reduce the pump rate 
to approximately 0.025 to 0.13 gal/min (0.1 Llmin to 0.5 Llmin). The pump should 
continue to operate at the lower rate to allow the water collected at that rate to travel to 
the surface discharge point. 

In the event that even very low purge rates result in evacuation of the well, groundwater 
samples for laboratory analyses should be collected as soon as sufficient groundwater 
accumulates in the well, regardless of field parameters or total volume purged . 

If the three-volume purge method is utilized, field parameters will be recorded after each 
well volume of groundwater is purged. 

GROUNDWATER SAMPLING METHODS 

Groundwater sampling is conducted following purging of the well. Where possible, groundwater 
samples for analyses should be collected directly from the pump discharge at the lowest rate 
possible to minimize cross contamination, suspension of solids, and aeration of the sample. 
Bladder pumps, peristaltic pumps, and submersible pumps (e.g. Grundfos®, Whale, Typhoon) are 
generally suitable for purging and sampling of all groundwater parameters. Bailers are generally 
not recommended for purging or sampling of groundwater monitoring wells due to the potential 
for agitating solids in and adjacent to the well; however, the three-volume purge method often 
uses bailers, especially when turbidity of the groundwater is not a concern. 

Target analytes, container types, and preservatives are specified in the Work Plan, or QAPP. 

The general procedures for groundwater sample collection are as follows: 

1. Groundwater samples should be introduced directly from the pump discharge into the 
proper sample container and filled to capacity. 

2. In general, groundwater samples collected for multiple compounds should be collected in 
the following order (EPA 1992): 

- VOCs 

- Dissolved gases and total organic carbon (TOC) 

- SVOCs 

- Metals and cyanide 

- Major water quality cations and anions 
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3.0 

3. 

4. 

- Radionuclides 

- Other analytes 

When collecting samples for VOCs, direct flow from the pump discharge down the 
interior side of the sample container to minimize aeration. Hold caps in hand to minimize 
contamination of sample. Fill all VOC sample containers to the top. A positive meniscus 
at the top of the container will help ensure that no air is trapped inside when cap is 
screwed down on the container. No air bubbles should be trapped in the sample when the 
container is sealed . 

In some cases, field filtration may be required (recommended for dissolved metals). If 
applicable, attach a new, disposable filter cartridge (typically 0.45 J..tm) to the discharge 
line. Filtered water should be introduced directly into the appropriate sample container. 
Alternate field filtration methods may be specified in the Work Plan or QAPP. Although 
not recommended, the laboratory can sometimes filter the samples if the samples are 
NOT preserved and are filtered within 24-48 hours of collection. 

5. Collect quality assurance and quality control (QA/QC) samples (i.e., field duplicate, 
laboratory matrix spike, and laboratory matrix spike duplicate, as applicable) at the same 
time by filling all bottles from the same flow. Ambient or field blanks should be filled 
using distilled or de-ionized (DI) water (supplied by the laboratory) in the same area as 
the primary samples. The number and types ofQA/QC samples are specified in the Work 
Plan or QAPP. 

6. Sample bottles must be labeled with date, sample number, time, sampler's name, and type 
of preservative, as described in the QAPP. Sample bottles must be placed in a cooler or 
on ice to keep the sample cool (:S6 °C). Samples must be cooled continuously from time 
of collection to time of receipt at the laboratory. 

7. Disconnect the peristaltic pump from the dedicated tubing in the well. If using a 
submersible pump, remove the pump and tubing from the well. Close and lock the well. 
Decontaminate the sampling equipment in accordance with Appendix A-4. Purge, wash, 
and rinse water should be managed as specified in the Work Plan. 

8. Complete chain-of-custody forms, package samples for shipment, and ship samples or 
arrange for courier to laboratory. 

9. All field observations made and data generated in conjunction with the sample collection 
will be documented on the groundwater field sampling form. 

DOCUMENTATION 
Documentation during well purging and sampling will be in accordance with the work plan. 
Documentation of the observations and data acquired in the field will provide information on the 
activities conducted and also provide a permanent record of field activities. Observations and 
data will be recorded on a well sampling form and in the field logbook. 

3.1 FIELD NOTES 
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The following groundwater purging and sampling information will be recorded in a bound field 
logbook using indelible ink: 

• Names of sampling personnel 

• Weather conditions 

• Date and time of sampling 

• Sampling locations, including locations of QA/QC samples 

• Start and stop time for each well sampled 

• Decontamination and calibration records 

• Other information as specified in the Work Plan 

• Any other pertinent information that may have a bearing on sample quality 

3.2 FIELD FORMS 

A well sampling form will be completed for each well sampled. The following information will 
be recorded: 

• Project name I number 

• Location 

• Date 

• Sampling personnel 

• Monitoring well identification number 

• Static water depth 

• Well depth and diameter 

• Water column thickness and well volume, if necessary 

• Depth of pump or tubing intake 

• Time of purge monitoring readings 

• Sample time 

• Identification of QA/QC samples 

• Sampling equipment (pump and tubing types, etc.) 

• Sampling pump rate 

4.0 REFERENCES 

EPA. 1992. RCRA Ground-Water Monitoring: Draft Technical Guidance. Office of Solid Waste, 
Washington, DC EPA/530/R-93/001, NTIS PB 93-139350, November. 
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EPA. 1996. Low-flow (minimal drawdown) ground-water sampling procedures, by R. W. Puls 
and M.J. Barcelona. U.S. EPA Ground Water Issue: EPA/540/S-95/504, April. 
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URS Groundwater Sample Collection Form 
Page 

8181 E. Tufts Avenue 

Denver, Colorado 80237 Well Identification of 
Tel: 303.694.2770 
Fax: 303.694.3946 

Project Name: Sampled By: 

Project Number: Sample ID: 

Location: Sample Date: 

Date: Sample Time: 

Equipment Field Parameters 

Purging Method/Equipment Initial Water Temp. (C) 

Sampling Equipment Initial pH: ·- Filtering Equipment Initial Conductance (mS/cm): 

Reference Point 
Sampling Packaging 

Number Type and Volume of Containers Filtered Preservatives Parameters 

Purging Information 

Casing I.D. [a] (in.): Length of Static Water Column [e] = [d]- [c] (It): 

Unit Casing Volume [b] (gallft) Casing Water Volume [I] = [b] x [e] (gal) 

Depth to Water [c] (It, bgs): Total Purged Volume [g] (gal): 

Depth to Bottom of Well [d] (It, bgs): Number of Purged Volumes [h] = [g] I[!]: 

Volume Purged Temp pH Conductance Time DO Turbidity Water Description 
(gal) (C) (mS/cm) (mg/L) (NTU) 

Total Volumes Removed (gallons): --- Time: Purged Dry (Y/N): 

Casing Volume Additional Remarks 

Casing I.D. Unit Casing Volume 
(in.) Gal/lin. Ft.) 
1.0 0.04 
1.5 0.09 

.:~ 2.0 0.16 
2.2 0.20 
3.0 0.37 
4.0 0.65 
4.3 0.75 
5.0 1.00 
6.0 1.55 
7.0 2.00 
8.0 2.60 
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IPIIIdix 1-3 Measurement of Groundwater Field Parameters 

This procedure provides technical guidance and methods that will be used for field measurement 
of water quality parameters (e.g., pH, specific conductance, oxidation-reduction potential, 
dissolved oxygen, and temperature) in the field. The measurements will be taken to provide data 
on the general quality of surface water and groundwater, as well as to verify the presence of non
stagnant groundwater during monitoring well sampling. The procedures outlined herein are in 
accordance with groundwater sampling methods recommended by the U.S. Environmental 
Protection Agency (U.S. EPA 1992, 1996). Details on Site-specific sampling activities are 
presented in the Work Plan. Where possible, field parameter measurement should be conducted 
first in areas least affected by Site constituents, followed by increasingly affected areas. 

This procedure will provide descriptions of equipment, field procedures, and documentation 
necessary to properly measure selected field parameters. Due to the variety and complexity of 
water quality meters available, calibration and measurement procedures should be conducted in 
accordance with manufacturer's recommendations for specific meters used. 

All activities will be conducted in accordance with the site-specific Health and Safety Plan 
(HASP). 

1.0 EQUIPMENT AND MATERIALS 

• Field log book 

• Water quality parameter multimeter or meters specific to parameters of interest (i.e., pH, 
specific conductance, dissolved oxygen, oxidation-reduction potential, temperature, and 
turbidity) 

• 250- to 500-mL beakers or flow-through cell for groundwater 

• Calibration solutions and deionized distilled water 

• Sample logs I well sampling forms 

• Sampling equipment 

2.0 METHODOLOGY 

Calibrate meter(s) in the field at the beginning of each day offield or laboratory work when 
water quality parameters will be measured. Check meters with calibration standards after every 
four hours of continuous use. If drift is evident, recalibrate. Record appropriate information in 
accordance with Section 3 of this procedure. 

The measurement of surface water and groundwater field parameters will be conducted in the 
following steps: 

1. Fill multimeter cell, beaker, or jar with fresh sample water. 

2. Immerse electrodes in sample while swirling the sample, if needed, to provide thorough 
mixing. If a flow-through cell is used, install probes and connect sample water to bottom 
port of flow-through cell, directing sample water up through the cell, exiting through the 
top port. Direct effluent tubing into an appropriate container for storage and handling. 

3. When the readings have stabilized, record the measurements displayed on the meter. It is 
important to determine that the correct units and unit scale are displayed on the meter and 
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3.0 

recorded for each parameter measured. Record and correct any problems encountered 
during measurement. Note: parameter measurements may not stabilize for a given 
measurement when using a flow-through cell- professional judgment should be used 
when selecting parameters to be recorded in this case. 

4. If available, field measurement results should be compared to previous measurements for 
quality control. 

DOCUMENTATION 

Documentation during water quality parameter measurement will be in accordance with the work 
plan. Documentation of the observations and data acquired in the field will provide information 
on the activities conducted and also provide a permanent record of field activities. Observations 
and data will be recorded on a sampling log (i.e., well sampling form) and in the field logbook . 

3.1 FIELD NOTES 

The following water quality parameter measurement information will be recorded in a bound field 
logbook using indelible ink: 

• Names of sampling personnel 

• Weather conditions 

• Decontamination and calibration records 

• Other information as specified in the Work Plan 

• Any other pertinent information that may have a bearing on data quality 

3.2 FIELD FORMS 

11111 A well sampling form will be completed for each well location where field water quality parameters 
are measured. The following information will be recorded: 

IIIII 
• Project name I number 

• Location 

""' • Date and time of parameter measurement 

• Sampling personnel 

IIIII • Monitoring well identification number or sampling location 

• Static water depth 

• Depth of pump or tubing intake 

'"" 
• Water quality measurement equipment (meter model, etc.) 

• Sampling locations, including locations of QA/QC samples 
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4.0 REFERENCES 
U. S. EPA. 1992. RCRA Ground-Water Monitoring: Draft Technical Guidance. Office of Solid 
Waste, Washington, DC EPA/530/R-93/001, NTIS PB 93-139350, November. 

U.S. 1996. Low-flow (minimal drawdown) ground-water sampling procedures, by R. W. Puls and 
M.J. Barcelona. U.S. EPA Ground Water Issue: EPA/540/S-95/504, April. 
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This procedure details the procedures for decontamination of personnel and equipment during 
field activities. Decontamination of personnel and equipment (e.g., water and soil sampling 
equipment, vehicles, etc.), is required to minimize the possibility of cross-contamination of 
environmental samples between sampling locations. In addition to this procedure, refer to the 
site-specific Health and Safety Plan (HASP) for additional requirements regarding 
decontamination procedures. 

1.0 EQUIPMENT 

The following is a list of equipment that may be necessary to perform decontamination activities: 

- • Personal protective equipment (PPE) as outlined in the HASP 

-
-

• Paper towels 

• Alconox® I Liquinox® detergent (or equivalent) 

• Potable or non-potable water 

• Deionized or distilled water 

• Water sprayers or hand-held spray bottles 

• Disposable nitrile gloves 

• Clean plastic sheeting, and/or trash bags 

2.0 DECONTAMINATION PROCEDURES 

Section 2 describes decontamination of sampling equipment that may be utilized to prevent 
cross-contamination between sampling locations. Decontamination procedures to be 
implemented for the protection of worker and public health, safety, and the environment are also 
set forth in the following section. Different types of decontamination may be necessary for the 
following: 

• Soil sampling equipment; 

• Water sampling equipment; 

• Instruments; and 

• Vehicles and personnel. 

2.1 DECONTAMINATION OF SAMPLING EQUIPMENT 

The procedures in this section are designed to prevent cross-contamination of samples collected 
in different sample locations. Procedures for decontamination of sampling equipment apply to 
equipment that is re-usable (e.g. funnels and shovels) and contacts a sampled medium (e.g., 
water). Decontamination of sampling equipment may be performed at each sample collection 
location upon completion of sampling. 
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General requirements for decontamination are listed below: 

• Personnel may wear appropriate safety equipment to reduce personal exposure, as required by 
the HASP. 

• New nitrile gloves may be worn when performing equipment decontamination. 

• Detergent and rinse solutions to be used for decontamination procedures may be replaced 
with new solutions between sample collection events unless the solution is stored in a water 
sprayer. 

• Bulk contamination, such as large pieces of soil, may first be removed by hand or tools. 

• Equipment may then be washed in a detergent/water solution, using brushes and other tools, 
as appropriate, until clean. The water used may be clean and may be potable, non-potable, 
deionized, or distilled. 

• Washed equipment may be rinsed first by potable water, or by deionized/distilled water, if 
potable water is not available. 

• A final rinse may be by deionized or distilled water. 

• Equipment may be inspected for visible contamination and washed again if necessary. 

• Equipment may be dried and stored in a clean location. Air-drying is an acceptable method 
for most equipment. 

2.2 DECONTAMINATION OF PERSONNEL 

The procedures in this section are designed to protect the worker and public health, safety, and 
the environment. Procedures for decontamination of personnel apply to any person (including 
clothing) who is exposed to contaminated site material such as groundwater or soil. 
Decontamination of personnel may be performed prior to leaving the site, or as necessary to 
protect health and safety. 

General requirements for decontamination are listed below: 

• Personnel may wear appropriate safety equipment to reduce personal exposure, as required by 
the HASP. 

• Bulk contamination, such as large pieces of soil, may first be removed by hand or tools, with 
special attention to boots and coveralls. 

• Personnel and clothing may then be washed with a detergent/water solution, using brushes 
and other tools, as appropriate, until clean. The water used may be clean and may be potable, 
non-potable, deionized, or distilled. 

• Following washing, a water rinse may be conducted to flush contaminated media and 
detergents from the affected area. 
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2.3 DECONTAMINATION OF VEHICLES 

The procedures in this section are designed to protect the worker and public health, safety, and 
the environment. Procedures for decontamination of vehicles apply to any vehicle or piece of 
heavy equipment that is exposed to contaminated site material such as groundwater or soil. 
Decontamination of vehicles may be performed prior to leaving the site, or as necessary to 
protect health and safety. 

General requirements for decontamination are listed below: 

• Personnel may wear appropriate safety equipment to reduce personal exposure, as required by 
the HASP. 

• Bulk contamination, such as large pieces of soil, may first be removed by hand or tools, with 
special attention to tires or tracks, wheel-wells, and compartments such as dump truck beds 
and excavator or backhoe buckets. 

• A rinse with water may be conducted to flush contaminated media from the affected area. If 
necessary, a high-pressure washer and/or detergent solution may be used to remove 
contaminated media. 

2.4 INVESTIGATION DERIVED WASTE MANAGEMENT 

Solid and liquid IDW generated during decontamination procedures may be managed as 
described in Appendix A-6 for IDW. 

Solid IDW generated during decontamination procedures may consist of: (1) PPE used during the 
decontamination process and (2) disposable material used to decontaminate equipment. 

Liquid IDW may generally consist of wash/rinse water, and may contain a substantial amount of 
solids. It is permissible, after solids settle, to decant clear water from such a container to another 
IDW container, thus separating solid and liquid IDW. 

3.0 DOCUMENTATION 

Sampling personnel may document the decontamination that occurs within a sample collection 
site in the field log book. The information entered in field log books concerning 
decontamination may include the following: 

• Decontamination personnel 

• Date/time 

• Location 

• Type of containment for decontamination fluids 

• Other pertinent information 
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This procedure provides technical guidance and methods that will be used for sample 
identification, labeling, packing, documentation, and Chain-of-Custody (COC) procedures. All 
activities will be conducted in accordance with the site-specific Health and Safety Plan (HASP). 

1.0 EQUIPMENT NECESSARY FOR SAMPLE HANDLING, SHIPPING, AND 
DOCUMENTATION 

The following equipment may be used for sample labeling, packing, documentation, and COC 
procedures: 

• Personal protective equipment (PPE) as specified in the Health and Safety Plan (HASP) 

• Decontamination equipment and supplies 

• Clean sample containers with preservatives, if required. 

• Shipping coolers 

• Re-sealable plastic bags (Ziplock® or equivalent) 

• Sample labels 

• Shipping forms (provided by shipping courier) 

• Shipping labels (e.g. Fragile, This Side Up, etc.) 

• Chain-of-Custody forms 

• Custody seals 

• Bubble wrap or equivalent packing material 

• Tape (e.g., clear tape, strapping/packing tape) 

• Ice or other refrigeration method 

• Paper towels 

• Large trash bags 

2.0 SAMPLE IDENTIFICATION 

Each sample collected will have a unique sample identification (ID). These IDs are necessary to 
identifY and track each sample collected for analysis during the project. Accurate and 
comprehensive sampling records are necessary to create a complete record of field procedures, 
including circumstances of collection and integrity of a given sample. 
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3.0 SAMPLE HANDLING, SHIPPING, AND DOCUMENTATION PROCEDURES 

3.1 FIELD SAMPLE PROCESSING AND CUSTODY 

A Chain-of Custody (COC) for each sample will be maintained and documented from the 
sampling location through its delivery to the laboratory for analysis. Each sample must be in the 
custody of the sampling team or Sample Manager from the moment it is extracted and 
containerized until sample shipment. Samples will be containerized and labeled at the sample 
collection location. Samplers may relinquish containerized samples to the Sample Manager for 
completion of the documentation and preparation of the samples for shipment. Changes in 
custody (e.g. from sampler to Sample Manager) will be documented in logbooks that identify the 
personnel relinquishing custody and personnel receiving the custody of the samples. The COC 
accompanies the samples and is used by the Sample Manager to document transfer of custody 
from the field team to the shipping agent. 

3.2 SAMPLE LABELING 

Sample labels may be filled out partially before field sampling activities begin. The date, time, 
and sampler's initials or signature should not be completed until the time of sample collection. 
Sample labels will be filled out using waterproof ink. 

Care will be taken during labeling and taping to preclude the possibility of sample contact with 
label or tape adhesive. 

3.3 SAMPLE HANDLING 

This section discusses proper sample containers, preservatives, and handling and shipping 
procedures. 

3.3.1 Sample Containers 

Commercially clean sample containers will be obtained from a subcontracted analytical 
laboratory or vendor and filled with sample material in accordance with these procedures. 

3.3.2 Sample Preservation and Storage 

All samples collected for chemical analysis will be stored on ice (or similar) in an insulated 
cooler to maintain a temperature of <6°C and shipped on ice (or similar) to the laboratory for 
preparation and analysis. 

3.3.4 Sample Packaging and Shipping 

The Sample Manager is responsible for confirming that samples collected by the sampling team 
have been properly containerized, packed, and labeled. Once the Sample Manager has custody of 
samples, he/she is responsible for maintaining custody (i.e., keeping samples in the designated 
secure location), and packaging and shipping the samples in a timely and proper manner. 
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Samples and sample containers will be packaged properly to protect the integrity of the sample 
and its seal, prevent breakage of containers, and prevent leakage of contents. 

A copy of the shipping bill will be retained by the Sample Manager for attachment to the 
corresponding copy of the COC form, and these forms will be maintained by the URS Field 
Manager in accordance with this procedure. 

Packing and Shipping Samples for Chemical Analysis 

• Place sufficient amounts of packing material (e.g., bubble wrap) in the bottom and sides of the 
shipping cooler to prevent movement of contents. 

• Line the inside of the cooler with a plastic trash bag, add enough ice (in double bags) to the 
cooler to maintain the required temperature of <6°. Line the bottom, sides, and top of cooler to 
retain proper shipment temperature; using at least 3-4 one gallon bags of ice per 48-quart cooler 
is recommended. 

• A bottle containing tap water and identified as a temperature blank will be included with each 
cooler containing samples cooled to <6°C. Upon receipt of the samples at the laboratory, the 
temperature blank will be used to determine the cooler temperature. The temperature blank will 
not be assigned a sample identification number and will not appear as a line item on the chain
of-custody form. 

• Place samples and temperature blank inside the bag in an upright position. Tie shut the trash 
bag holding the samples and ice. 

• Fill excess space in the cooler with ice bags or other packing material (e.g., bubble wrap) to 
prevent movement of sample containers. 

• Place the original signed copy of the COC form inside a plastic bag, and tape the bag inside the 
cooler lid, reserve the carbon copy or photocopy of the COC for URS' records. 

• Close the cooler lid, and seal the cooler and the cooler spout with appropriate packaging tape. 

• Place two custody seals (tampering seals) after signing and dating on the cooler in separate 
areas across the gap between the lid and the cooler base. Tape the custody seals to the cooler to 
confirm that custody seal is adequately affixed. 

Samples may be shipped for Saturday delivery; however, Saturday delivery will require 
laboratory approval before shipment. 

3.3.5 Sample Container Tampering 

If, at any time after samples have been sealed and secured, custody seals on the sample container, 
or cooler are identified as having been tampered with, the following procedures will be 
conducted: 

• Check with personnel having access to sample coolers/containers to evaluate whether 
inadvertent tampering can be documented. 

• Document findings of the incident in a logbook. 
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Allllldill-5 Sample ldentiftcation, Management and Handling 

If it cannot be confirmed and documented that the custody seal was broken inadvertently and that 
the integrity of samples is unimpaired, the samples will be re-collected and the URS Project 
Manager and URS Quality Assurance Manager (QAM) will be notified. 

3.3.6 Holding Times and Analyses 

The holding time is specified as the maximum allowable time between sample collection and 
analysis or extraction, based on the analyte of interest, stability factors, and preservative (if any) 
used. Any storage of samples on Site will be scheduled to be kept to the minimum period, based 
on logistic considerations (e.g. samples will not be shipped over weekends unless advance 
arrangements for receipt have been made with the laboratory). 

4.0 CHAIN-OF-CUSTODY PROCEDURES 
The custody of samples shall be documented on the COC. These forms document possession of 
the sample from collection through laboratory receipt, including transfer, handling, and shipping 
of samples. 

Sample custody and documentation procedures will be followed to preserve sample integrity and 
to confirm the validity of field and laboratory data. As a result, sample data will be traceable 
from the time and location of sample collection through chemical analyses and data reporting. 
The following information will be recorded on the COC form that will accompany samples to the 
laboratory: 

• Sample ID 

• Sampling date and time 

• Required analyses 

• Number of containers 

• Sample Manager (or designee) signature 

The objective of the custody identification and control system for the samples is to confirm, to 
the extent practicable, that the following occur: 

• Samples scheduled for collection are uniquely identified. 

• The correct samples are analyzed and are traceable to their records. 

• Samples have been appropriately preserved. 

• Samples are protected from loss or damage. 

• A record of sample integrity is established. 

• Legally traceable custody and possession records are maintained. 

Observe general documentation rules, including the use of blue or black ink. Make any changes 
to the COC form by drawing a single line through the incorrect information and initialing the 
mark-out. Put a line through and initial blank lines on the COC form. 
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.......... 1-5 Sample Identification, Management and Handling 

Upon receiving the samples, the laboratory's representative shall do the following: 

• Sign and keep copies of shipping documents. 

• Sign the COC form and return the second copy to the URS Project Manager or designee (may 
be included with the analytical results). 

• Measure and document the temperature of the samples using temperature blank. 

• Document the condition of the custody seals and of the samples. 

• Notify the URS Project Manager or designee if any breakage or improper preservation has 
occurred or if there is a discrepancy between the COC form, sample labels, and requested 
analyses. 

• Provide copies of the above documentation to the URS Project Manager or designee with the 
final laboratory data package. 

• At the laboratory, custody of samples will be in accordance with the laboratory's SOPs from 
sample receipt through sample residual disposal. 
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Alllldill-1 Investigation Derived Waste Manauemem 

This procedure provides technical guidance and methods for the management, storage, 
characterization, transportation, and disposal of waste generated. Waste generated at the Site 
during field activities is referred to as Investigation Derived Waste (IDW). The project has been 
carefully designed to avoid the creation of a substantial volume of IDW. IDW will be properly 
managed and disposed off-Site in compliance with RCRA, CERCLA, and other applicable legal 
authorities as detailed below or in the Work Plan. All activities will be conducted in accordance 
with the site-specific Health and Safety Plan (HASP). 

1.0 MATERIALS AND EQUIPMENT 

• Personal protective equipment (PPE) as outlined in the HASP; and 

• Labeling materials (e.g., permanent markers, labels, etc.). 

2.0 APPLICABLE LAWS, REGULATIONS, AND GUIDANCE 
This procedure is designed to confirm that all waste generated during the course of the 
investigation is managed in compliance with applicable laws and regulations. It is also based on 

- waste management policy and guidance documents, such as the "Guide to Management of 
Investigation-Derived Wastes" (U.S. Environmental Protection Agency [EPA] 1992). CERCLA 
activities conducted entirely on Site must comply with the substantive requirements of other 
applicable laws and regulations, but not permitting and other procedural requirements. CERCLA 
activities conducted off Site, however, must comply with both administrative and substantive 
requirements. See CERCLA Section 121 (e). 

Off-site disposal ofCERCLA waste will be in compliance with CERCLA Section 121 (d)(3) and 
40 C.F.R Section 300.440 (also known as the "CERCLA Off-Site Rule"), as well as applicable 
NRC, DOT, RCRA, and state regulations, as further explained below or in the Work Plan. 

3.0 TYPES AND MANAGEMENT OF IDW 
Solid IDW may include the following: 

• Drill cuttings or soil/rock. 

• Disposable used PPE (e.g., gloves) and other disposable investigation materials (e.g., paper 
towels). 

• Trash 

PPE and trash will be disposed of in a normal trash receptacle following their usage in the field. 

Liquid IDW may include the following: 

• Groundwater produced by well development or purging, etc. 

• Decontamination water. 

Solid and liquid IDW shall be containerized in proper containers, in good repair, which are 
suitable for short-term storage, transportation, and disposal by a subcontractor. Examples of 
proper containers include DOT -approved steel or plastic drums, roll-off containers, and 
fractionation tanks. 
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IPIIIIIIII-6 lnvestiuauon Derived waste Management 

Spray bottle discharge from the washing of small sampling equipment within each sample 
collection point. The spray discharge may be considered de minimis and may be discharged to 
the ground at the corresponding sampling locations. 

4.0 LOG BOOK DOCUMENT AT ION 
An inventory log of waste will be entered into the log book and must include the following: 

• Project Name 

• Name of person logging the waste 

• Date waste generated 

• Type of waste material (e.g., PPE, instrument, or trash), and solid or liquid 

• Estimated waste volume 

• Characterization and disposition of equipment and instruments. 

• Comments 

• Any variance to procedures described in this procedure 

5.0 REFERENCES 
U.S. Environmental Protection Agency (EPA). 1992 (April). Guide to Management of 

Investigation-Derived Wastes. Office of Emergency and Remedial Response Hazardous 
Site Control Division. OSWER Publication Number 9345.3-03FS. 

U.S. Occupational Safety and Health Administration (OSHA) Standard- Ionizing Radiation- 29 
C.F.R. 1910.1096 

U.S. OSHA Standard- Ionizing Radiation- 29 C.F.R. 1926.53 

Department of Transportation Standard- Hazardous Materials and Oil Transportation- 49 
C.F.R. 100-180 
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